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DESCRIPTIVE INDEX OF PLATES (accompanying Report). 


Piate 1.—General map from Montreal to Georgian Bay, showing the proposed route in red. 
Also profile showing the existing water surfaces in blue colour, the proposed raised surfaces 
in blue lines and the excavation required in red colour. The numbers in red indicate the 
plate, showing that portion of the route in detail. 

Puiate 2.—General map from head of Great Lakes to the Atlantic showing the proposed 
route and existing transportation lines, together with several tables of comparative distances. 

Prats 3.—Map of the Ottawa and French River watersheds; each tributary basin being 
shown in colour. 

Piate 4.—Plan of project from mile 0 (Montreal Custom House), to mile 33 (Oka village), 
via the Lake St. Louis route. 

The profile on plates 4 to 16 inclusive, shows the ground surface in black and the existing 
water surfaces in blue lines. The proposed regulated surface is shown by a full blue line and 
the channel bottom (22 feet depth) by a full red line. 

Puaté 4a.—Alternative route. Plan of project from mile 0 (St. Lawrence Ship Channel) to 
mile 32 (junction with main route) via the Riviere des Prairies or Back River route. 

Piate 5.—Plan of project from mile 32 (Oka Village) to mile 66 (Hawkesbury). 

Piate 6.—Plan of project from mile 66 (Hawkesbury) to mile 99 (Rockland). 

Prats 7.—Plan of project from mile 99 (Rockland) to mile 132 (Aylmer). 

Puiate 8.—Plan of project from mile 132 (Aylmer) to mile 165 (Sand Point). 

Prats 9.—Plan of project from mile 165 (Sand Point) to mile 198 (La Passe). 

Pate 9a.—Alternative route. Plan of project via the Calumet Channel from mile 183 
(Beamen Island) to mile 201 (above Hennessey Island), and via the Culbute Channel from 
mile 2083 (Spottswood Ferry) to mile 227 (Fort William, P.Q.). 

Priate 10.—Plan of project from mile 198 (La Passe) to mile 231 (Leblanc Island, above 
Pembroke). An alternative route by Hennessey Bay is shown, the profile indicates a heavy 
canal cut for 14 miles. 

Puate 11.—Plan of project from mile 231 (Leblanc Island) to mile 264 (Des Joachims 
Rapids). 

Puate 12.—Plan of project from mile 264 (Des Joachims) to mile 296 (Deux Rivieres). 

Puiate 13.—Plan of project from mile 296 (Deux Riviéres) to mile 328 (Les Epines Rapids), 
shows the junction where the project leaves the Ottawa river and ascends its tributary, the 
Mattawa river. ; 

Puiate 14.—Plan of project from mile 328 (Les Epines Rapids) through the Summit lakes to 
mile 360 (North Bay). 

Piate 15.—Plan of project from mile 360 (North Bay) across Lake Nipissing to the French 
river and through it to mile 405 (Five Mile Rapids). 

Piate 16.—Plan of project from mile 405 (Five Mile Rapids) to mile 444 (Georgian Bay 
beyond French River village). Also the water records of Lakes Superior and Huron, from 
1860 to 1908. 

Puiate 17.—Shows location of Amable du Fond and adjacent topography between Lake 
Kioshkoqui and head of Sparks Creek, being an enlargement of plate 31. Shows also a profile 
of Feeder, and typical sections with governing elements. 

Piate 18.—Plan of standard for 2 locks in flight as estimated for the Nipissing district. 

Puate 19.—Plan of standard single lock as estimated for the Nipissing district. 

Piate 19a.—Plan of standard single lock as estimated for the Montreal and Ottawa 
district. 

Piate 20.—Drawing, illustrating typical lake freight steamer in lock with descriptive data. 

Prats 21.—General plan and elevation of stop-log regulating sluices together with detail of 
assembled machine for operating the stop-logs. 

Puate 21a.—Details of machinery for operating stop-logs. 
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Piate 22.—General diagram of interlocking circuits being principal feature of electrical 
operation for all single locks. 

Puate 22a.—General diagram of interlocking circuits being principal feature of electrical 
operation for all flights. 

PLATES 22b, 22c, 22d, 22e.—Details of circuits, connections and assemblys of electrical con- 
trol. 

Piate 23.—Plan, elevation and sections of regulation culvert through bank confining canal 
level at Verdun lock. 

Prats 24.—Plan and elevation of Stoney sluice regulation at Deux Riviéres, showing con- 
nection with main dam. Also showing detail elevation of pier, section through gate, and gen- 
eral arrangement of operating machinery. 

Puatge 25.—Shows the daily discharge of the Ottawa river at Besserer’s Grove for years 1846, 
1876, 1881, 1887, 1890, 1905 and 1906. Also precipitation from December to December at points 
in the Ottawa Valley at, and above the city during 1875-1876, 1880-1881, 1886-1887, 1889-1890, 1903- 
1906, this discharge data becomes a function in the computation of the curve shown on plate 
56. 

Pate 26.—Shows the daily discharge of the Ottawa river at Deux Rivieéres, Gower Point, 
Besserer’s Grove, and head of Montreal Island continuously from October, 1904, to December, 
1906. This discharge forms a function cf the curve detailed on plates 55 and 56. 

Piate 27.—Diagrams, (or curves) of flow-over weirs, giving discharge per lineal foot of weir 
in cubic feet per second for heads up to 35 lineal feet; curves applying to weirs discharging 
both free and submerged, with formulae used in compilation. 

Pate 28.—Shows daily discharge of Amable du Fond river from May, 1905, through De- 
cember, 1906, also daily fluctuations of water surface in Lakes Kioshkoqui, Manitou, Tea and 
Three Mile Lake, with rainfall in inches at Kioshkoqui lake from September 1905, through 
November, 1906; also the volume in cubic feet for 10 foot, 20 foot, and 30 foot storage through- 
out the above-named lakes. The discharge data is a function of the curve shown on plate 54. 

Prats 29.—Shows in cubic feet per second, the daily discharge of the Summit lakes through 
Talon Chute, the daily inflow into the Summit lakes available for navigation purposes, and 

he rainfall throughout the Summit watershed from March, 1905, to December, 1906. Also the 
surface fluctuations of Summit lakes from March, 1905, to November, 1906, and the volume held 
within the Summit lakes for 6-foot storage. The discharge data becomes a function in the 
computation of the curve shown on plate 54. 

Puate 30.—Shows daily discharge of Ottawa river at Besserer’s Grove from 1844 to 1846, 
1850 to 1906; also the monthly precipitation and mean monthly temperature from 1866 to 1906. 
The discharge data becomes a function in the computation of the curve shown on plate 56. 

Puate 31.—General map of the area contained within the Summit and Amable du Fond 
watersheds showing that part of the latter diverted into the former by a feeder canal. Ob- 
servation points for data collected shown thereon. That part from Lake Kioshkoqui to the 
head of Sparks Creek containing route of feeder canal shown enlarged on plate 17. 

Puate 32.—Typical plan of upper lock gates in place against sill and in recess when open, 
with travel of operating arm; also section and elevation of upper leaf, and detail section of 
shoe showing seal against sill. 

Prats 33.—Typical plan of lower lock gates in place against sill and in recess when open, 
with travel of operating arm; also section and elevation of lower leaf, and detail in plan and 
section of anchorage and pivot. 

Pate 34.—Shows type and cross-section of proposed bascule bridges. 

Pate 35.—Eleven plans detailing vessel tracks rounding curve at head of Little Mud lake, 
St. Mary’s river, Mich. Also speed curves of those vessels. Also a summary of dimensions 
and speed of boats observed and key-map defining location. 

Pate 36.—Diagrams showing speed of vessels in miles per hour, through locks and ap- 
proaches thereto, St. Mary’s Falls Canal, Mich. 

Piate 37.—Map showing location of principal ship canals of Europe, together with outline 
plans of locks therein and typical cross-sections of prism in excavation. 
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Prats 38.—Shows location of locks and approaches thereto at Des Prairies village (mile 8) 
and Sault au Recollet (mile 17). Alternative route. 

The profile on plates 38 to 53 inclusive, shows centre line of lock and other features inci- 
dent to the project.Topography on land and submerged, being defined by contours for each 5- 
foot difference of level. 

Puate 39.—Shows location of locks and approaches thereto at Montreal (mile 0) and Ver- 
dun (mile 5). = 

Puiate 40.—Shows location of locks and appr caches thereto at Ste. Anne de Bellevue (mile 
24) and Pointe Fortune (mile 49). 

Puiate 41.—Shows location of lock and approaches thereto at Han kesbury (mile 59). 

Puate 42.—Shows location of locks and approaches thereto at Hull (No. 1, mile 120, and 
No. 2, mile 121). 

Pate 43.—Shows location of locks and approaches thereto at Chats Rapids (mile 154) and 
Chenaux Rapids (mile 174). 

Piate 44.—Shows location of locks and approaches thereto at Rocher Fendu Chute (No. 1, 
mile 187 and No. 2, mile 190). 

Puate 45.—Shows location of locks and approaches thereto at Paaeetie Rapids, (mile 209) 
and Des Joachims Rapids (mile 265). 

Piate 46.—Shows location of flight of locks and approaches thereto at Rocher Capitaine 
Rapids (mile 283) and location of lock and approaches thereto at Deux Riviéres Rapids (mile 
296). 

Puiate 47.—Shows location of locks and approaches thereto at Mattawa (mile 318) and Lake 
Plain Chant (mile 326). 

Puate 48.—Shows location of locks and approaches thereto at Les Fpines Rapids (mile 327). 

Puiate 49.—Shows location of flights of locks and approaches thereto at the Lower Paress- 
eux Falls (mile 332) and the Upper Paresseux Falls (mile 333). 

Puiate 50.—-Shows location of lecks and approaches thereto at North Bay (mile 358) and 
the Chaudiére Falls, on the French river (mile 390). 

Prats 51.—Shows location of locks and approaches thereto at the Five Mile Rapids (mile 
463) and at the Dalles Rapids (mile 440). 

Piate 52.—(Alternative Route.) Shows location of locks and approaches thereto at Moun- 
tain Chute (mile 184) and Bryson village (mile 187). 

Puiate 53.—(Alternative Route.) Shows location of locks and approaches thereto at 
Waltham village (mile 212) and Westmeath village (mile 210). 

Puate 5¢.—Plan of location, cross-section of gauging section, and discharge curve in cubic 
feet per second for each “%o of a foot rise, of the outflow of the Summit lakes at the foot of 
Talon lake. Also the winter and summer gauging sections, and the discharge curve in cubic 
feet per second for each %o of a foot rise of the Amable du Fond river, which can be diverted 
to discharge into the Summit instead of below it as at present. 

Puate 55.—Plan of location and cross-section of gauging section, together with discharge 
curve in cubic feet per second for each %o foot rise of the Ottawa river above Deux Riviéres. 

Piate 56.—Plan of location and cross-section of gauging section with discharge curve, mean 
velocity curve and area curve for each *o0 of a foot rise of the Ottawa river at Besserers 
Grove, 9 miles below Ottawa. 
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INDEX OF DESCRIPTIVE VIEWS (accompanying Report). 


No. 1—Montreal Harbour. 
2—Ste. Anne de Bellevue. — 
3—Carillon Dam. | 
4—Long Sault Rapids—Hawkesbury. 
5—City of Hull from Ottawa. 
6—Chaudiére Falls, Ottawa. 
7-—-Parliament Hill and Rideau Canal Locks—Ottawa. 
8—Chats Falls. 
9—Allumettes Rapids. 
10—Deep River (Ottawa River) above McQuestions. 
11—Des Joachims Rapids. 
12—Deux Riviéres Rapids from foot. 
13—Above Deux Riviéres Rapids. 
14—Confluence of Mattawa and Ottawa Rivers. 
15—Mattawa River at Big Paresseux Falls. 
16—West end of Trout Lake (summit). 
17—French River, 7 miles below Chaudiére Falls. 
18—Little Pine Rapid, French River. 
19—French River looking towards Pickerel River. 
20—The Horseshoe, Pickerel River. 
21—Narrows of the Pickerel River below the Twin Islands. 
22—Pickerel River, 3 miles above Ox Lake. 
23—Ox Lake. 
24—-Dalles Rapids. ae oe 9 ee 
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DEPARTMENT OF PUBLIC WORKS, CANADA 


GEORGIAN BAY SHIP CANAL SURVEY 


OTTawa, January 20, 1909. 
Honourable Wittiam PUGSLEY, 
Minister of Public Works, 
Ottawa, Canada. 


Sir,—The government surveys and investigations regarding the feasibility and 
probable cost of a deep waterway from the Great Lakes to the Seaboard, by way of 
the French and Ottawa rivers, initiated in 1904, by the Honourable C. S. Hyman, 
Minister of Public Works, under authority of parliament, and continued under your 
direction, have led your engineering board to formulate the following results and 
conclusions :— 


Ist. That a 22-foot waterway for the largest lake boats (600 ft. x 60 ft. x 20 
ft. draft) can be established for one hundred million do'lers ($109,009,000) in 
ten years, and that the annual maintenance will be approximately $900,000. 
including the operation of storage reservoirs for th> better distribution of the 
flood waters of the Ottawa river. 


Qnd. That the distance from Montreal harbour to French River village on 
the Georgian Bay is 440 miles. That the rise from Montreal harbour to the 
Summit of 659 feet can be overcome by 23 locks, ranging from 5 feet to 50 feet 
in lift, and that the descent of 98 feet from the Summit to Georgian Bay can 
be made by 4 locks, ranging from 21 feet to 29 feet in height of lift,—27 locks 
in all, connecting 23 navigable pool levels of various lengths. 


3rd. That sufficient water may be stored within its own and adjacent water- 
sheds to operate a summit level above Lake Nipissing. That to use the Lake 
Nipissing level as a summit would increase the cost at least $10,000,000 and 
introduce 12 additional miles of canal cutting. That the natural low water flow 
throughout the Ottawa and French rivers is more than ample to meet all the 
requirements. That the spring flood in the Ottawa river can be restrained by 
storage throughout its watershed so that, under extreme conditions, the reaches 
will not overflow; currents therein will not be over 3 miles per hour, and locks 
will be workable, that is to say, practically slack water navigation will obtain. 

4th. That ordinary lift locks are best suited to the conditions found. That 
their minimum length should be 650 feet between inside gates, with 65 feet clear 
width, and 22 feet clear depth throughout. 
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That the gates should be of steel, and for safety there should be 2 pairs 
of upper gates, and 2 pairs of lower gates with additional lower unwatering gates, 


- if necessary. 


That the locks should be constructed of concrete with long approach piers of 
continuous cribwork at each end. That all locks will be on secure rock founda- 
tion. 


5th. That there will be 18 main dams required, | some of URGE: size, 
all being on secure rock foundation. 

That regulation by stop-log sluices is amply efficient in most of the cases 
encountered, and ‘Stoney’ sluices and overflow regulation are adapted to the 
remaining reaches. 


6th. That excavated channels with sides showing above water should have 
a minimum width of 200 feet at bottom, and submerged channels a minimum 
width of 300 feet at bottom, with marking piers at intervals, and that the mini- 
mum depth throughout should be 22 feet. That the project presented contem- 
plates :— 7 | 
28 miles of canal excavation. 
66 miles of channel dredging. 
346 miles of river and lake with a width of 300 feet to a half mile. 
That there are 116 curves of which 77 are of about one mile radius, and the 
remaining 89 of about half that radius. 


7th. That the probable time taken by a lake freight boat of 12-mile maximum 
speed, without delays at locks or in meeting other boats, from French River har- 
bour to Montreal would be 70 hours. That the season of navigation will average 
210 days from May to November. 


8th. That the proposed reaches will be generally held at about the ordinary 
high water level of their vicinity, and much of the area to be flooded is now inun- 
dated each spring, so no extensive damage to the farming districts will occur. 


9th. That with a storage system as planned, and the tributary basins thereto 
required for the navigation project, a reliable water-power supply is secured at 
various dams amounting to 1,000,000 horse-power, which can be developed for 
about $50 per h.p. 


10th. That an alternative route behind Montreal is entirely feasible and 
vould cost $5,000,000 less than the front or St. Lawrence River route; the time 
of transit by the back route being less than one hour longer than By the front of 
Montreal, and having one lockage less. 


11th. That locks 800 feet long and 75 feet wide would increase the total cost 
by $5,000,000. That building all locks to a depth of 24 feet so reaches might 
afterwards be deepened, would cost another $6,000,000. That a depth of 25 feet 
along the route behind Montreal for 16 miles to Sault au Recollet would cost $7,- 
250,000, nearly $2,000,000 more than the 22-foot depth for the same distanes. That 
increased depth up to 26 feet can be secured temporarily by filling the reaches 
above ordinary working level, and in a case of emergency will pass boats of 24 


GHORGIAN BAY SHIP CANAL SURVEY Xxl 
SESSIONAL PAPER No. 19a 


to 25-foot draft, if the terminal locks and those into Lake Nipissing are given a 
26-foot depth, and slight additions made to the overflow dams. 


12th. That no international waters are affected. 


Your Engineering Board respectfully advise: 


ist. That it is of great importance to continue every year the flow measure- 
ments of the Ottawa, Mattawa and French rivers, at low, ordinary and high water 
stages, in order to have continuous records of same, which will prove invaluable 
in the further development of the canal problem, in case of construction, and a 
better knowledge of the water-power possibilities. 


2nd. That though it has been ascertained that the Ottawa river flocd waters 
can be restrained partially, the preliminary investigations made disclose the fact 
that data is lacking upon which to base a definite and judicious storage scheme. 
Twenty thousand square miles of the upper drainage area is but little known, 
and a reconnaissance of each lake is necessary before the true storage value of the 
area can be stated. 

Each of the larger tributaries—the Rouge, the Liévre, the Uatineau, the 
Coulonge, the Black, the DuMoine, the Montreal, the Petawawa, and the Mada- 
waska—requires to have its storage lakes definitely decided upon and the inflow, 
outflow and surface height recorded continuously for a period of several years. 

Continuous records of this kind are the only data upon which the restraint 
of floods and the reserve of water for navigation and power purposes can be deter- 
mined with accuracy. Their value depends entirely upon the length of time over 
which the records extend; it is, therefore recommended that the collection of this 
information be continued without interruption. 


3rd. That this study be extended gradually to all the large river drainage 
valleys which are possible of development for navigation and power purposes. 


4th. That an understanding be reached between the Federal and the pro- 
vincial governrrents interested, governing the disposal and control of all water- 
powers, water lots and islands, on the proposed route, in view of the possible 
canalization of the rivers utilized, as is fully explained in this report under the 
heading of ‘ Water-powers.’ 

Attention is also called to the recommendations in regard to the conservation 
of forests in relation to water supply in the articles on ‘Storage’ and ‘ Water- 
powers.’ 

5th. That for a work of such magnitude as that proposed—one of the_largest 
in the world—it would be in the interest of the government, if construction is to 
be proceeded with, to commission at least two of its engineers to visit some of the 
larger river canalizations and ship canals existing or at present under construc- 
tion, and collect data as to results achieved and desirable improvements gained 
from actual experience; in fact, to study the world’s experience in the develop- 
ment of waterways, modern methods of construction, and all matters connected 
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with their proper operation and administration. That such a step would lead to 
ereater efficiency and economy, cannot be doubted. 


Respectfully submitted. 


EUGENE D. LAFLEUR, Chief Engineer. 
: A. ST. LAURENT, Engineer in Charge. 
Board of Engineers .... ..: 

C. R. COUTLEE, District Engineer. 


S. J. CHAPLEAU, District Engineer. 
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SURVEY 


STAFF ORGANIZATION. 


In 1904, the sum of $250,000 was granted by parliament for the purpose of com- 
mencing a detailed survey of the proposed waterway from Georgian Bay to Montreal, 
a distance of 440 miles. 

This amount was made available at the close of the session, August 10, of the 
same year, and in accordance with the directions of the Honourable ©. §. Hyman, 
Minister of Public Works, I assumed immediate charge and commenced at once 
the work of staff organization and the purchase of the necessary equipment. 

After many consultations with the chief engineer my final instructions were, in 
order to fully meet the object in view, that the survey be of such a character that 
when the notes were reduced and plotted there could then be projected upon the 
plans, the best location possible for a canal at least 22 feet in depth, with a bottom 
width of 300 feet, from which profiles could be drawn and a correct estimate made 
of the amount and character of material in excavation and embankment, nature of 
various foundations and final design of locks, dams, regulating works and other 
structures; also the right-of-way and definition of flooded area. | 

It was, moreover, understood that the whole of the information to be shown on 
the plans, as topography, contours, soundings, physical features of the route, &e., 
should be obtained from actual surveying and that plans from previous partial sur- 
veys should be used only as preliminary information and for general guidance, with 
the exception of the French River section which had been surveyed in 1901 by the 
late J. W. Fraser for a 22-foot waterway. It will, however, be seen further in this 
report that supplementary surveys of the French river had to be undertaken on ac- 
count of desirable changes in the project. 

At such points where several possible routes for the canal existed and when the 
best location could not be determined by exploration alone, my instructions were to 
survey and develop the different routes in order to arrive ata selection by comparison 
of their relative merits as to length, curvaiture, probable cost, &e. 

To this end and to get the results within a reasonable time it was deemed neces- 
Sary to place a large force of engineers in the field. 

From the close of the session until September 27, the date on which ithe different 
parties were formed at Ottawa, it was my duty apart from departmental work, to 
complete all arrangements so as to be in a position to commence work as soon as the 
staff could be organized. 

Camp equipment consisting of tents, blankets, cooking utensils, &c., necessary 
for nine parties of fifteen men each were purchased. Surveying instruments were 
ordered to be delivered within the shortest possible time and boats of a suitable 
character for the swift and dangerous waters to be surveyed were ordered to be 
built according to special design. A set of survey rules as given in Appendix A 
was prepared in order that the work done by the different parties be as efficient and 
uniform as possible. 

The formation of a Board of Engineers to direct and control the survey was dis- 
cussed, but was finally abandoned as it was decided that the work should be carried 
out under direct departmental control with a member of the permanent staff as 
engineer in charge and executive officer, and such temporary additional engineering: 
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help as would be required. In this way, no accounting office was erteniead and all 
work in regard to the payment of accounts was performed by the accountant’s branch 
of the department. 

In order, however, to derive all the benefits conferred by a Board of Advisory 
Engineers on all works of great importance and of unusual character, it was under- 
stood that the chief engineer, the engineer in charge of the survey and the district 
‘engineers, would form a nominal board to discuss all matters pertaining to the work, 
decide as to the general lines of the canal, size and character of locks, depth and 
width of channels, curvature, unit prices to be applied to quantities, &., &., a con- 
clusion to be reached only after the fullest discussion. This was with a view of 
giving more weight to the project as elaborated, more value to the final report and 
the estimate of cost. 


STAFF AT HEAD-QUARTERS. 


The special staff at head-quarters was constituted as follows:— 


The engineer in charge. 

Three district engineers, inside and outside service. 

One assistant engineer. 

One secretary. 

Force of draftsmen, under charge of a chief draftsman. 
One store-keeper. 

Force of typewriters and clerks as required. 


As no space was available in the departmental buildings, offices were secured else- 
where. 


DIVISION OF TERRITORY. 


The territory to be surveyed was divided into three districts, designated as 
‘Montreal, ‘Ottawa’ and ‘Nipissing, each in charge of a district engineer with 
bead-quarters in Ottawa. 

Each district was sub-divided into three or more sections, each in charge of a 
sectional engineer, who generally had under his control, two assistant engineers, two 
rodmen, two chainmen, one foreman and seven or more labourers, according to the 
requirements of the work. 

The original number of surveying parties placed in the field was nine, but this 
was increased subsequently, by the addition of a precise levelling party, three test- 
boring parties, one hydraulic investigating party and one party for Lake Nipissing 
and canal feeder surveys. 
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LIMITS OF DISTRICTS AND SECTIONS, AND SUMMARY OF WORK 
ACCOMPLISHED. 


MONTREAL DISTRICT. 


This district embraced sections 9, 8 and 7 of the Ottawa river and covered the 
territory between the mouth of the Gatineau river and the eastern end of Montreal 
island, a distance of 140 miles. 

As the river divides into two distinct main branches at the foot of the Lake of 
Two Mountains, the length of river and lake waters to be surveyed was about 170 miles. 
The district was placed under the able direction of Mr. C. R. Coutlee, Mem. Can. and 
Am. Soe. C.E. 


Section No. t.—Engineer, L. .R Voligny, C.E., in charge. 


This section embraced surveys practically all around the Island of Montreal: 1st. 
From Ste. Anne de Bellevue to Montreal through Lake St. Louis and the Lachine 
rapids. 2nd. From Ste. Anne de Bellevue, following the north shore of Montreal island, 
through Riviére des Prairies, as far as Bout de Isle, at the junction with the St. 
Lawrence river, about 10 miles below the eastern limits of Montreal harbour. 

The entire north side of Lake St. Louis, the whole of Ile Perrot, and all the 
islands from Ste. Anne de Bellevue to Lachine were traversed, levelled and contoured. 
A belt of soundings 2,000 feet wide was carried down from Ste. Anne de Bellevue to 
Dorval. The north shore of the St. Lawrence river was developed from the town of 
Lachine to Victoria bridge, including Nun’s island and Dlé au Heron at Verdun. 
Soundings from Verdun to Victoria bridge were made over the whole of the north 
half of the river. The Lachine canal was traversed and cross-sectioned every 400 feet 
from Lachine village to St. Paul and thence down to the St. Lawrence river at Verdun. 

The shore of Lake of Two Mountains was traversed and contoured from Ste. 
Anne de Bellevue to Ile Bizard and the Riviére des Prairies was carefully surveyed, 
cross-sectioned, and levels and soundings taken all the way down to Bout de V’Isle. 
<A system of triangulation was also made, tieing in all the work on Lake Gt. 
Louis. 

Bench marks were established at least every mile and gauges were placed and 
read continuously at many points. 

A trial line was run across Montreal island from a point on the Riviére des 
Prairies to the St. Lawrence river opposite the head of Ste. Therese island, and cross- 
sections taken for a width of 2,000 feet. 

A traverse was also run around the point of the island at Bout de l’Isle to tie in 
the survey system with that of the Hydrographic survey of the St. Lawrence river, 
from which the St. Lawrence shore of Montreal island was accurately obtained up to 
Victoria bridge, where another connection with the Hydrographic survey had been 
made through the Lake St. Louis line. 

The field work of this section was completed at the end of October, 1905, and the 
junior assistants and labourers paid off. Mr. Voligny was retained for office work, 
and the first assistant engineer, Mr. E. A. Forward, was directed to join section No. 
2, in the Nipissing district, to help in completing the work, after which he was en- 
gaged at the office in Ottawa. 
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Section No. 8. 


This section, which was placed under Mr. OC. E. Macnaughten, extended from the 
Carillon rapids down through the Lake of Two Mountains and the Ste. Anne rapids 
as far as the head of Lake St. Louis, and also to the head of Riviére des Prairies, 
a direct distance of about 25 miles, but which required with trial routes over 50 
miles of surveying. 

Lake of Two Mountains being a relatively large body of water, though it was not 
necessary to cover it entirely with soundings, very large areas on different courses 
had to be investigated, requiring a large amount of triangulation. Many low-lying 
islands and areas of low lands around the lake had to be traversed and contoured for 
a possible regulation and maintenance of the lake to a higher elevation than the ordi- 
nary level. An alternative route north of Ile Bizard was also surveyed. 

From Carillon to Rigaud bay the river is half a mile wide, and the soundings 
were made from shore to shore. From north of Jones island to Ste. Anne de Bellevue 
a width of 1,500 feet was sounded, and an alternative line of the same width was 
examined south of Jones island. 

Bench marks were established on both shores and the levels thoroughly checked. 
The highest water contour line on record on Lake of Two Mountains was traced on 
both shores and simultaneous gauge readings taken at many points at different stages 
of the lake. 

At the end of August, 1905, Mr. Macnaughten had completed his field work, and 
he was directed with his assistants to proceed to Pembroke to make the survey of the 
Upper and Lower Allumette channels, as mentioned further in this report. 


Section No, 7—Engineer, E. E. Perrault, in charge, 


From the mouth of the Gatineau river, opposite Ottawa, to Carillon rapids, a 
distance of 66 miles. 

The soundings between Ottawa and the head of the Carillon rapids at Hawkes- 
bury did not present any difficulty, on account of the favourable configuration of both 
shores and the low currents in the river. Along this stretch, however, there are large 
tracts of low lands generally submerged at high water, which required considerable 
work in traversing and in the determination of contours for any rational raised 
water surface which might be projected. Owing to the width of the river at L’Orignal 
lake, the soundings there occupied considerable time. 

Through the Grenville rapids a sufficient number of soundings were taken, and 
both shores from Hawkesbury to the Carillon dam were carefully cross-sectioned. 
Bench marks were established and gauges maintained for continuous record of water 
levels. 

Field work on this section was completed at the end of September, 1905. The 
rodmen, chainmen and labourers were discharged, and the two principal engineers 
transferred to Ottawa for work on the general plans. The second assistant engineer, 
Mr. E. S. Miles, was transferred to section No. 4 for work on the Culbute channel. 


OTTAWA DISTRICT. 


This district embraced sections 6, 5 and 4 of the Ottawa river and covered the 
territory between the head of Des Joachims rapids and the mouth of the Gatineau 
river, below the Chaudiére falls at Ottawa, a distance of about 140 miles. 

The length of the river valleys to be surveyed, however, was nearly 200 miles, on 
account of the river dividing into two main branches at different points. 

The district was divided into three main sections and placed under the direction 


of Mr. E. J. Rainboth. 
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In February, 1906, Mr. Rainboth resigned to resume private practice, and as most 
of the surveys were completed, this part of the Ottawa river was added to the Mont- 
real district, under the direction of Mr. C. R. Coutlee. 


Section No. 6. 


This section extended from the head of the Chats rapids to Ottawa, a distance 
of about 35 miles and was originally placed under Mr. Alexander McDougall, Mem. 
Can. Soc. C.E., who remained in charge from September 27 to December 31, 1904, 
when he was appointed as hydraulic engineer for the collection of hydraulic data 
regarding the proposed canal. Mr. W. G. Warner, who had been acting as first 
assistant engineer was promoted to the vacancy. He died, however, in April, 1905, 
after a few months of faithful and valuable services and was succeeded by his first 
assistant engineer, Mr. H. A. K. Drury. Mr. Drury remained in charge until after 
the completion of the field work, resigning in June, 1996, to aecept a pozition with 
the Board of Railway Commissioners. ‘ 

The survey work on this section was particularly heavy at the Chats rapids and 
falls, where the river drops 50 feet and is divided into numerous channels. Over 300 
islands were triangulated, traversed, and contoured, as well as both the Ontario and 
Quebec shores. Several lines were run at the Chats and back of Hull and many sites 
for dams investigated. A complete survey of Brewery creek was made. All river 
stretches were covered by close soundings, and through Chats lake and Deschenes © 
lake soundings were taken on a strip wide enough to cover all possible desirable chan- 
nels. A complete net of levels was run and bench marks established along both shores 
for the entire section. Cross-sections were run over all low areas for contours, and 
lines of railways on both shores were included in the survey whenever there was a 
possibility of them being affected by any condition of raised water surface. 

A complete survey of the Chaudiére falls, with all power canals, tail races. 
glides, &c., was made and soundings taken where possible. 

This party finished the field work in January, 1906, and the engineers com- 
menced their office work at Ottawa. 


Section No. 5. 


Engineer, A. Robert, who, I regret to say, died shortly after the completion 
of the field work. 

This section extended from Fort Coulonge, through Calumet, Portage du Fort, 
Chenaux rapids to the head of Chats rapids, a distance of about fifty-six miles. 

Below Fort Coulonge numerous islands and channels had to be surveyed. 

A low valley called Grand Marais, extending from Coulonge village to a sharp 
bend in the river some seven miles below, was developed as a possible short cut. 

A few miles below Coulonge, the river divides into two branches forming a 
large island known as Calumet. The north channel is called Calumet and that on 
the south is known as Rocher Fendu. Only the Calumet channel was developed by 
party No. 5, the survey of the Rocher Fendu being left aside until an opportunity 
offered ito make a complete reconnaissance through it, in order to decide whether it 
was advisable to survey it in detail. This was done during the winter of 1906 and 
a supplementary party placed at work under Mr. C. E.» Macnaughten, who took all 
necessary soundings, contours and cross-sections. 

In carrying out the triangulation, traverse, topography, soundings, levels, &., to 
the east end of the section on Chats lake, party No. 5 investigated a gulley passing 
back of Portage du Fort, and all possible locations which might offer some advan- 
tages over the main river route. Bench marks were established as close as possible, 
and the soundings on Chats lake were completed in January, 1906, when the party 
was discharged and the engineers transferred to head-quarters for work on the plans. 


6 | DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., A. 1909 
Section No. 4a.—Engineer C. E. Macnaughten, in charge. 


From lower end of Allumette lake, about 6 miles above Pembroke to foot of 
‘Allumette island, a distance of about 24 miles. 

As Mr.. Macnaughten had just completed section No. 8 of Montreal district, 
instructions were issued to him at the beginning of September, 1905, to survey the 
above-mentioned part of the Ottawa river. 

Work commenced on September 12, making a survey of the shore line, surveying 
the islands in the Lower Narrows, also Morrison’s and Moffat’s islands, and on down 
through the lower lake and Paquette rapids to the foot of Allumette island. ~ 

The islands in Paquette rapids were located and traversed, and in December, 
Bellows bay, Cranberry lake and the east end of Allumette island were surveyed. 

Levels were carried along and bench marks established. Both shores and islands 
were contoured for all possible combinations of improvements and raised water surface. 

Soundings of ‘that wide stretch of the river were commenced, at the beginning 
of December as soon as the ice was considered safe enough to carry men and teams. 
Unfortunately, on account of the mild weather and swift currents, large areas did 
not freeze sufficiently and soundings had to be taken there from boats, which in cold 
weather is slow and difficult work. Altogether over 14,300 soundings were taken, and 
the work completed about the middle of January, 1906. 


Section No. 4. 


Engineer G. L. Griffith, who resigned in February, 1905. Replaced by Mr. A. J. 
Matheson, Mem. Can. Soc. C.E. From the head of Des Joachims rapids to Fort Cou- 
longe is a distance of about 86 miles. 

The survey work of this section was very heavy. The river is very wide for long 
stretches and dotted with islands. It involved a large amount of triangulation apart 
from the regular traverses on bath sides of the river forming the base lines for deve- 
loping contours and for taking soundings. 

At Des Joachims rapids, which were surveyed in great detail, it was decided to 
investigate a short cut from the head to the foot of the rapids through what is known 
as the McConnell Lake vailey, which is supposed to have been, at une time, an old 
branch of the river, having a length of about 43 miles. Of this distance, McConnell 
lake occupies about 2 miles in length of deep water, with an average width of nearly 
1,000 feet, the valleys above and below connecting with the river being relatively low 
ground. This was developed sufficiently to enable a comparison to be made with the 
main river route. ; 

From the foot of the rapids down for a distance of about 28 miles, there is a 
magnificient stretch of river, called the ‘Deep river,’ with a good wide channel over 
40 feet in depth. This did not require very close sounding, nor very many contours 
on account of high banks. 

But below that stretch the river becomes more shallow and widens into a lake 
called the Upper Allumette, containing numerous shoals and over 200 islands, with a 
tortuous channel reaching to the lower Narrows. All the islands were surveyed and 
contoured, the shoals and all channels carefully sounded and investigated as to the 
best possible route for the waterway. 

Below Allumette lake is Allumette island, where the river divides into two chan- 
nels, the South or Pembroke channel, and the North or Culbute channel. 

About the end of August, 1905, it was found that party No. 4 could not undertake 
the survey of these two channels and complete them early in 1906, as desired. There- 
fore, Mr. Matheson was instructed to limit his survey to the Culbute channel, and 
Mr. Macnaughten was directed to survey the Pembroke branch, es previously stated. 

The contours, cross-sections, soundings, levels, &c., of the Culbute channel and 
Coulonge lake were completed in January, 1906, the men were discharged and office 
work begun at Ottawa by the engineers. 
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This district covered that part of the Ottawa river that lies between Des Joachims 
rapids (which are about 40 miles above Pembroke) and the Town of Mattawa; then 
the Mattawa river, the Summit lakes (Talon, Turtle and Trout), Lake Nipissing and 
the French river to Georgian Bay on Lake Huron, a distance of 171 miles, which was 
increased to about 260 miles with the alternative routes surveyed. 

The district was placed under the able direction of Mr. S. J. Chapleau, Mem. Can. 
and Am. Soc. C.E. 

The country lying between Des Joachims rapids and Lake Nipissing was divided 
into three sections, numbered 3, 2, 1, a lake party being afterwards formed to investi- 
gate that part of Lake Nipissing which lies between North Bay and Riviére des Vases, 
on the northcast shore of the lake, across to Frank’s bay or the upper entrance of the 
French river. 


Section No. 3.—Engineer Wm. Cross, Mem. Can. Soc. C.E., in charge. 


From Johnson’s rapids to Des Joachims rapids on the Ottawa river, a distance of 
56 miles. 

This section includes the Deux Riviéres and Rocher Capitaine rapids. 

The entire river valley was triangulated, closely traversed and topography taken 
in detail. 

Soundings were taken everywhere except in the rapics, where it was impossible 
to ascertain the depth of water otherwise than by approximation. 

Water level gauges were established throughout the section and their records 
maintained. Preliminary reconnaissances of the different swift currents of the Klock, 
Deux Rividres and Rocher Capitaine rapids showed that one continuous location was 
possible, and the topography was confined to the valley of the river. 

The country in this section was exceptionally rough and very thickly wooded, in 
consequence of which the necessary topography for the project and estimate was diffi- 
cult to obtain. 

All contours, soundings, levels, &c., were, however, completed at the end of Decem- 
ber, 1905, and the engineers recalled for office work or for further field work elsewhere, 
and the balance of the party paid off. 


Section No. B.—Engineer, H. P. Bell, Mem. Can. & Am. Soc. C.E., in charge. 


This section extended from Lake Talon, following the course of the Mattawa river 
to its junction with the Ottawa river, thence to the foot of J ohnson’s rapids, a dis- 
tance of about 24 miles. 

Three possible routes between the Talon lake level and Lake Plain Chant on the 
Mattawa river were investigated. One from Sand Bay on Talon lake to the Paresseux 
falls on the Mattawa, one following the natural valley of the Mattawa from Talon 
chute, and the third, passing from Talon chute also, to the lower end of Pimisi lake, 
thence across to Johnson’s lake, Smith’s lake, Crook’s lake, Moore lake, and running 
into the Mattawa again through a blind arm at the western end of an expansion of - 
the river Mattawa, called Lake Plain Chant. 

The investigation and close survey of other routes than the Mattawa itself, at its 
upper end, were necessitated on account of its narrow width and irregular course, two 
changes of direction being nearly of 90° each within a short distance, and occurring 
in close proximity to possible lock structures. 

The Pimisi and Johnson lakes location necessitated a survey for the diversion of 
the Canadian Pacific railway main line in order to prevent two crossings. 

In all over 50 miles of possible routes were surveyed on this section, and all neces- 
sary information collected for development and selection of best location. Gauges 


8 DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., A. 1909 


were established for continuous records of water levels, and discharge measurements 
of the Mattawa and tributaries were made. Part of the country surveyed was excep- 
tionally rough and thickly wooded. 

This section was completed in December, 1905, the party disbanded and the 
engineers transferred to Ottawa for completion of plans, computations, &c. 


Section No. v.—Engineer, A. J. McDougal, Mem. Can. Soc., in charge. 


From Lake Nipissing over the height of land separating the waters of the Ottawa 
and Lake Huron watersheds, through Trout, Turtle and Talon lakes, to head of the 
Mattawa river, is a distance of about thirty miles, but involving the examinationf 
of several alternative routes. Five traverses were made from Lake Nipissing to 
Trout lake with sufficient topography to determine the best route through the divide, 
two by the Chippewa creek; two through the Ojibwaysippi route and one at the 
Riviére des Vases. 

From Turtle lake to Talon lake three routes were investigated; one by way of 
the Little Mattawan river, one from the western end of the latter to an arm of the 
south shore of Lake Talon, known as Spottswood’s bay. Another route was investi- 
gated by track traverse, from Turtle lake into the Kai-bus-kong, through Price, : 
Cross and Frog lakes and the two pools above the lower rapids of the Kai-bus-kong.. 

A suggested route from Lake Nipissing to Lake Nasbonsing and down the Kai- 
bus-kong was found to be impracticable, and was not surveyed on account of Lake 
Nasbonsing having an elevation of 137 feet above Lake Nipissing, whereas Trout 
lake has a summit elevation of but 22 feet above Nipissing. 

All economical routes were closely surveyed to any condition of raised or lowered 
water surface. A number of gauges were established at different points, their record 
continually kept and their zeros referred to permanent bench marks. 

The field work on this section was completed in August, 1905, and the party was 
transferred to the French river for supplementary work which is described in the part 
relating to the French river. — 


Lake Nipissing Party—Engineer, F. H. Peters, Mem. Can. Soc. 0.E., in charge. 


During December, 1904, a party was formed to take all the soundings required 
between the northeast shore of Lake Nipissing, in the vicinity of North Bay, and 
Frank’s bay, at the entrance of the French river. This was in order to connect with 
the surveys and soundings made in 1901 by the late J. W. Fraser. Two routes were 
investigated, one to the north and one to the south of the Manitou islands. These 
soundings were begun early in January, 1905, and were completed in about three 
month’s time. For these routes a strip nearly one mile wide was covered by sound- 
ings. 

On the completion of this work the party was detailed to establish the 5 and 10- 
foot contours above the high water plane of Lake Nipissing from a point ‘west of the 
town of North Bay to Riviére des Vases. 

Gauges were established at North Bay and across the lake at Frank’s bay to 
which the soundings of the lake party are referred. In all about thirty-six miles in 
area of soundings were taken. ? : 

This party was temporarily detached from Lake Nipissing work to carry on a 
preliminary investigation of a possible line through Kai-bus-kong lake at the Summit 
level. This line was investigated sufficiently to show its value as compared with the 
more economical routes as adjudged by comparative centre line profiles and careful 
inspection and it was deemed inefficient to put it under close detail. 

Upon the completion of this the lake party was detailed to connect by a cloge 
triangulation system, the permanent points of section No. 1 on the shore of Lake 
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Nipissing, and also the ends of a seven mile base line laid down previously, with 
the initial points of the French river triangulation at Frank’s bay. 

Triangulation across Lake Nipissing, including islands and points on the main 
shores covering territory in the immediate vicinity of the proposed route ‘was made. 
It was the intention to throw a triangulation net all over the lake, from whose points 
an investigation of the 5 and 10-foot contours above high water might be made 
through reconnaissance with hand level and sextant, but by reason of the large expen- 
diture involved and lack of a proper boat to do this work in safety, it was abandoned. 

The information required, however, was collected, by visiting the different low 
places, which were likely to be affected by raising the lake surface; some of the places 
visited were North Bay, Sturgeon Falls; East Bay, Beaucage, Cache Bay, Callender 
and West Arm. 

Upon the completion of the triangulation across Lake Nipissing, the lake party 
was employed to connect the Lake Nipissing permanent bench marks with the perma- 
nent bench marks at French River village on Georgian Bay. This line of levels was 
carried through by direct check levelling and by water level transfer along admissible 
‘stretches, following the French River course, and terminating at a permanent bench 
mark at French River harbour, to which the zero of the automatic gauge at that 
point is tied. This work was completed in October, 1906, and the party discharged, 
excepting the engineers who were retained for work required in other localities. 


Amable du Fond Feeder Survey. 


During the fall of 1905, after an exhaustive study of the data collected so far in 
regard to the available water supply at the Summit level, it was decided to carry out 
surveys to determine the cost of diverting the Amable du Fond river—a tributary 
of the lower Mattawa—by flume or open cut, in order to obtain its discharge into 
Talon lake above the chute, instead of into the Mattawa river at the LaRose rapids. 

This was advisable in view of the result of the hydraulic investigations in regard 
to the summit outflow, which was deemed as probably insufficient to meet the require- 
ments of a large traffic. 

It was ascertained that the Amable du Fond drained an area larger than the 
watershed of the Summit lakes; therefore, it was of great importance to find out if it 
could not be diverted to the Summit basin. 

A special party was organized for this investigation, in charge of Mr. F. H. Peters, 
under Mr. S. J. Chapleau. Work began during the last week of November, 1905, and 
was completed in March, 1906. 

The instructions to this party were to connect the Kioshkoqui lake level (the 
source of the Amable du Fond) with the summit swamps of Sparks creek which dis- 
charge into Lake Talon; follow the shortest traverse for the grade found and develop 
the adjacent topography in close contour. A totel length of over 30 miles of line was 
developed in this connection. The possibility of raising and storing water in the lakes 
forming the head of the Amable du Fond was also investigated. Upon the completion 
of this field work, the engineer in charge was transferred to Ottawa. 


French and Pickerel River Surveys. 


After a close study in the office of all the information available relating to the 
French river, it was found desirable to supplement the surveys made in 1901 by the 
late J. W. Fraser for the Department of Public Works, in order to be in a position 
to develop a uniform scheme of improvements for the entire route. 

As the survey on the Summit section (No. 1) had been completed during: the last 
week of August, 1905, instructions were issued to Mr. A. J. McDougal, the engineer 
in charge, to carry an accurate triangulation from Frank’s bay on Lake Nipissing 
down to French River Harbour on Georgian Bay. Mr. Fraser’s survey had been per- 


10 DEPARTMENT OF PUBLIC WORKS 
8-9 EDWARD VII., A. 1909 


formed entirely in the winter time, and the topography and soundings were based upon 
a single traverse carried on the ice, and very few stations were permanently located 
on the shore. The triangulation ordered enabled our system to be tied to the base or 
traverse of Mr. Fraser’s survey, permitted a check on the same, and allowed additional 
soundings and topography to be taken, where considered necessary, in order to supple- 
ment the large amount of information shown on his plans, without making a com- 
plete re-survey of the route. 

During the fall of 1905, the triangulation, supplementary soundings and topo- 
graphy were carried down along the main channel of the river to a point near the™ 
second rapid below the Recollet falls, in all about 47 miles. 

Permanent transit. stations of the previous departmental survey were tied in from 
our triangulation points,thus closely connecting the two surveys. 

For obtaining supplementary topography many additional cross-sections were 
taken at different points, as well as | complete surveys made of many islands and 
branches of the river. 

Near the western end, the work was very much delayed on account of a large. 
number of logs completely obstructing the river, and which it was impossible to have 
removed sufficiently to permit the use of boats. 

The survey, therefore, was not completed through to the Georgian Bay level, as 
was expected, but had to be abandoned during the second week of November, befor the 
formation of ice, to be resumed the following spring. 

_ The engineering staff forming this party was engaged during the winter in office 
work, and in May, 1906, again proceeded to the French river to complete the work left 
unfinished and also to project an entirely new survey of that part of the French river 
waters, known as the Pickerel river, lying between Ox lake on the French and the 
Horseshoe falls, and from the latter point to the main French at ee 37 below 
Frank’s bay. 

. As the lower part of the main French was found to be very narrow in many 
places and confined between high rocky bluffs, a large amount of exploratory work was 
done during the previous season, looking for a betterment of the route, if possible. 

The Pickerel river, running parallel to the main French from the Horseshoe falls 
down to its junction with that river at Ox lake, seemed to offer some advantages which 
were deemed of sufficient importance to investigate closely. Therefore, it was decided 
to develop the Pickerel river by close soundings, contours, topography, &e., for a pos- 
sible route for canal purposes. This work was completed about the middle of July, 
1906, the men paid off and the engineers directed to return to Ottawa for office work. 


Hydraulic Engineering Party —Engineer, Alexander McDougall, Mem. Can. & Am. 
Soc. O.E., in charge. 


The duties assigned to this party were the systematic gauging of all utilized 
streams, the collection of all hydraulic data concerning them, the investigations regard- 
ing the Summit water supply, the study of a system of storage reservoirs for the 
Ottawa river, and also securing as much information as possible about water-powers. 


Mattawa River Gaugings. 


Late in February, 1905, a thorough reconnaissance of the Mattawa river was 
made between Talon lake and the Little Paresseux rapids for the purpose of establish- 
ing a permanent gauging station, which could be used in regard to the summit flow 
at all seasons of the year. After making several trials with the current meter at 
various sections below Pimisi bay, the Narrows, 2,800 feet above Talon chute, was 
found to be the only channel in that vicinity that could give satisfactory results. 

A total of fifty measurements were made below Talon chute and at Talon Lake 
Narrows. 
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On account of the bed being rough at the adopted gauging station there are some 
discrepancies in depth, but these were unavoidable. 

A eable and car was erected for this section and used continuously during the 
summer of 1905. 
: Gauges were placed, one at the head of Talon chute and also one below Pimisi 
bay. - 
Between March 3 and June 14, 1905, thirty-two current meter measurements 
were made of Kai-bus-kong river, a tributary of the Mattawa; twenty-nine of these 
were taken from the highway bridge, about two and one-half miles down stream from 
Bonfield. 
, One measurement was made during the winter when the ice averaged over 24 
feet in thickness at the DEORe the remaining two were made some distance further 
down the stream. 

Gauges were placed, one on a pier just above the dam at Bonfield, and one at 
the lower side of the highway bridge at the gauging station. The latter was used 
in constructing the discharge curve. 


Below Turtle Lake. 


Twelve current meter measurementts were made of the flow from this lake, at 
the foot of Whitefish bay, between March 8 and May 24, 1905. During high water 
some difficulty was caused by the lumbermen driving the stream while measurements 
were in progress. Two of these had to be discarded in plotting the discharge curve 
owing to logs jamming below the gauging section, thus raising the water at the gauge 
without increasing the flow. 

Gauges were placed one on a pier above Turtle lake dam, and one at the head of 
Whitefish bay. 

Some distance above Mattawa, six current meter measurements were made of 
the river, four in 1905, one in the spring of 1907, and one in May, 1908. 

Gauges were read from May 15, 1906, to the end of March, 1907, at the head and 
foot of the electric power plant. 

A considerable number of measurements were mad> of the Amable du Fond 
river, a tributary of the Mattawa, discharging below Talon chute. The special 
attention paid to this river was on account of the possibility of diverting its waters 
to the Summit level. 

A total of one hundred and twenty-eight current meter measurements were made, 
one hundred and twenty-two in the vicinity of Booth’s Farm, four at a place one 
and one-half miles below Eau Claire and two at the outlet to Kioshkoqui lake. 

The gauge used in constructing the discharge curve was immediately below the 
section selected for the majority of the discharging measurements. During the early 
part of the summer of 1906, the river was for a long period filled with logs and these 
affected the velocity of the stream to such an extent that a separate dischagre curve 
had to be plotted. Forty-eight of the measurements were made while the channel 
below was filling up with logs. 

Current meter measurements were made of the flow from the following lakes: 
Kioshkoqui, Mink, Manitou, Three-Mile, Tea and Indian, which were all investigated 
for storage and possible supplementary water supply for the Summit level. 

Current meter measurements were also made in April, 1906, of Depot, Boom and 
Wisawasa creeks. 


French River Gaugings. 


Twenty measurements were made of the three outlets to Lake Nipissing at lake 
elevations ranging from 638-35 to 642-72, and an estimate made for the three chan- 
nels at what was assumed to be extreme high water. ! 
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The gaugings made on September 6 and 7, 1907, could not be used in plotting 
the discharge curve, the channel above the Big Chaudiére being completely filled 
with logs, thus obstructing the channel and decreasing the discharge without the 
Jake level being materially reduced; dams under construction at the western outlets 
also affected the lake but to a much greater extent. 

The gauge used in connection with these measurements being located at the head 
of the lake, and subject to variation in level caused by strong westerly winds it was 
necessary to ascertain the level at the foot of the lake. This was done at the time 
of the last three measurements during a calm day, and the level was found to be 
practically the same. 

Two trips were made to the mouth of this river, and its various outlets measured, 
making a total of twelve gaugings with the current meter, and one set of float 
measurements of the Bass channel. 


Ottawa River Gaugings——Foot of the Lake of Two Mountains. 


Twenty-six current meter measurements were made of the different channels, 
divided as follows :— 


Seven below Vaudreuil, including one made in March, 1907, of the back 
water from the St. Lawrence. 

Six at Ste. Anne’s. 

Four at Cartierville and two at St. Genevieve. 

Seven of the Mille Isle river, three of which were made from the bridge at 
St. Eustache, two from the G.P.R. bridge at Rosemore, and two, about one and 
one-half miles above St. Eustache. 


Above Carillon. 


Four current meter measurements were made about two miles above Carillon, 
three with the Price meter, one with the Haskell, using the low velocity wheel with 
the latter. The North river was also gauged when the last two measurements were 
made and the other large streams between Carillon and Montreal investigated in 
order to estimate the total discharge at the foot of the Lake of Two Mountains. The 
sections at Carillon are not suitable during low water as the velocity averages only 
0-5 feet per second during that period. 

All these measurements were made from a gasoline launch and the distances 
secured with a transit and pocket sextant. 


Besserer’s Grove—Ten miles below Ottawa. 


Sixteen current meter measurements were made at this section at elevations 
ranging from 128 to 142-00, the latter elevation being over 14 feet below the average 
high water for sixty years. 

With one exception ‘all these gaugings were made with the large Price meter. 
The work was done from a gasoline launch anid ia transit used on all occasions for 
distances. 

Gaugings were made of the Gatineau river at the same time in order to give 
the flow above Ottawa. 


Chaudiére Falls. 


Forty-seven current meter measurements were made of the different channels 
at the Chaudiére, two float measurements, and several estimates by adding on increased 
sectional area, &c. These were made between June 20 and August 22, 1905, and 
between September 27 and November 19, 1906. Several of these gaugings had to be 
discarded owing to a variation in the load while the measurement was in progress. 
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Bench marks tied into the precise level system were read during each metering, both ~ 
at the head and foot of the different powers. 


Above the Chaudiére, four current meter measurements were made, three just 
below Skead’s old mill, and one at the head of the Little Chaudiére rapids. The level 
of the water was ascertained at the different sections and at the foot of Deschenes 
lake at the time of the gaugings. 


A transit and range poles were used for the first three measurements; the latter 
was made in March, 1906, through the ice. 


Calumet Channel. 


Three current meter measurements were made of this channel in the vicinity 
of Campbell’s Bay, one in May, one in November of 1905, and one in the spring of 
1907. The gauge at Bryson was used in connection with these measurements in 
plotting the discharge curve. 


Transit and range poles used for distances and line. 


Gower Point. 


Four current meter measurements were made directly opposite this village, three 
in 1905 and one in the spring of 1907. The gauge used with these measurements in 
plotting the discharge curve was about 100 feet below this section. 


Below Allumette Island. 


Three current meter measurements were made at Spottswood Ferry, two in 1905, 
and one in the spring of 1906. 


Culbute Channel. 


Three current meter measurements were made: two near Waltham in 1905, and 
one from the bridge at Chapeau village in the spring of 1907. 


Ferry used for the two former measurements. 


Deux Rivireres. 


Eleven current meter measurements were made about four miles aboves Deux 
Riviéres at Klock, at elevations ranging from 476°95 to 491-06. The Maganasibi 
-Triver was gauged at the same time in order to give the total flow at Deux Riviéres. 

Summary of measurements for the Ottawa river:— 
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A synopsis of the current meter measurements of the larger tributaries of the 
Ottawa river is as follows :— 


SOUTH TRIBUTARIES. 
La Graisse River. 
Two current meter measurements were made in 1905 at high and low water 


from railway bridge at Rigaud. 
The gauge is on a pier above MacDonald’s upper dam. 


South Nation River. 


Two current meter measurements were made in 1905 at high and low water, the 
former from the Canadian Pacific railway bridge and the latter by wading. 

The gauge was placed on Mr. Hagar’s dam at Plantagenet Mills, and has been 
tied into the precise levels. In April, of 1907 part of the dam together with the gauge 
was carried away by a freshet. On May 28, 1908 another gauging was taken on this 
river from the Canadian Pacific railway bridge near Plantagnet. 


Rideau River. 


Three current meter measurements were made in 1905, and one in 1908, the Grand 
Trunk railway bridge being used for all. 

The gauge was placed on the old highway bridge known as Hurdman’s, which 
structure has since been destroyed. 


Mississippi River. 
Four current meter measurements were made of this river in 1905, and one in 
1908, from the highway bridge at Galetta. 


The gauge was placed on Mr. Whyte’s dam This dam has since been removed, 
but a bench mark remains that was connected with the gauge. 


Madawaska River. 


Four current meter measurements were made of this river in 1905, and three in 
1908, from Wallace bridge, three miles west of Arnprior. 

The gauge was placed on the up-stream side of the highway bridge and dam at 
McLachlan’s mills, and has been tied into the precise levels. 


Bonnechére River. 


Three current meter measurements were made in 1905, and one in 1908, from 
C.P.R. bridge at Renfrew. 

The gauge is placed at the head of the intake of the Renfrew Power Company’s 
plant, and has been tied into the precise levels. 


Muskrat River. 


Three current meter measurements were made of this river, two from the Mary 
Street bridge, which is about one-half mile above its mouth, and one about seven hun- 
dred feet below the mouth of the Indian river, using a boat and cable for the latter. 

The gauge is on the west side of the dam, near the head-gate. It has been tied 
into the precise levels. 


Petawawa River. 


Five current meter measurements were made of this river about one-half mile above 
its mouth, a boat and cable being used. 
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The gauge is placed on a side pier above the C.P.R. bridge and tied into a bench 
mark on the east shore of the river. 


NORTH SHORE TRIBUTARIES. 
) North River. 


Three current meter measurements were made of this river at a section about 24 
miles above St. Andrews, one in 1905 and two in 1907. A boat and cable were used 
for all these measurements. 

The gauge was placed on the down-stream side of a pier about one-quarter of a 
mile above Mr. Walsh’s dam, but is no longer in existence. The bench mark still 
remains. 


Rouge River. 


Two current meter measurements were made of this river in 1905, about Black- 
burn rapids and about one mile above Ross’ power plant. On May 29, 1908, a meter- 
ing was made at Johnson’s ferry. A boat and cable were used for all. 

The gauge was placed on the up-stream side of the east abutment of power dam, 
and tied into a bench mark cut on a rock. 


North Nation River. 


Two current meter measurements were made in 1905, and one in 1908, from the 
highway bridge near Plaisance. 

The gauge was placed on a pier above ihe dam at North Nano Mills, about 3 
miles above the gauging section, and tied into a bench mark. 


Blanche River. 


Two current meter measurements were made in 1905, and one in 1908 from the 
C.P.R. bridge, about two and one-half miles west of Thurso. 

A gauge was placed on the down-stream side of the centre pier of the highway 
bridge about two and one-half miles west of Thurso. 

A gauge was placed on the down-stream side of the centre pier of the highway 
bridge just below Black’s grist mill, and tied into a bench mark on the west shore of 
the stream. 


Du Inevre River. 


Three current meter measurements were made in 1905, about one-half mile above 
Buckingham, opposite the saw-mill. A metering was made in 1908, 5 miles above 
Buckingham, near Newton’s place. 

A gauge was placed on one of the piers supporting the slide between the two 
falls at Buckingham and tied into a bench mark on the west shore of the river. 


little Blanche River. 


Two current meter measurements were made, one from Mitchell’s bridge, two 
miles east of East Templeton, and the other 400 feet above the bridge. 
A gauge was placed above the dam on the east shore at Ste. Rose de Lima, and 
tied into a bench mark. : 
Gatineau River. 


Sixteen current meter measurements were made, thirteen below Ironsides, one of 
the Desert river at Maniwaki, one of the Gens de Terre river near its mouth, and 
one of the main Gatineau, three and one-half miles above the Gens de Terre river. 

A gauge was placed on the old bridge at Chelsea, and tied into the precise levels, 
and is still in existence. 
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Quyon River. 


One current meter measurement was made with an accoustic meter from the 
foot bridge, and about one quarter of a mile below Dowd’s mill. 

A gauge was placed on the up-stream side of Dowd’s dam on the east shore of 
the river and tied into a bench mark. 


Coulonge River. é 


Four current meter measurements were made from the Canadian Pacific railway 
bridge over this river. An acoustic meter was used for one and for the rest a large 
Price meter. 

A gauge was nailed on the N.E. side of the pier between the main dam and the 
log slide at High Falls and tied into a bench mark. 


Black Rwer. 


Five current meter measurements were made of this river from the highway 
bridge at Waltham, one with an acoustic meter and the other four with a large Price 
meter. ; 

A gauge was firmly secured to the west bank and tied into a bench mark. 
bridge and tied into a bench mark. 


Du Moine River. 


Three current meter measurements were made of this river, and one approxima- 
tion was obtained in the spring of 1905 with floats, at a section a little over a mile 
from the mouth. 

A gauge was firmly secured to the west bank and tied into a bench mark. 


-Maganisibi River. 


Seven current meter measurements were made of this river from the highway 
bridge about one mile above its mouth, one with an acoustic meter and the rest with 
a large Price meter. | 

A gauge was placed on the down-stream side of the west abutment, and tied into 
a bench mark on the opposite shore. 

Total number of current meter measurements :— 
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Excepting where otherwise mentioned, a large Price current meter was used. 


The results of these gaugings are given in tables included in the report by the 
hydraulic engineer, and are shown graphically on plates 25, 26, 28, 29, 30, 54, 55 and 56. 


PRECISE LEVELLING. 


In organizing the field force for the survey of the Georgian Bay Ship canal 
route, the formation of a field party for the determination of a common plane of 
reference for the different sections of the survey, to which all elevations could be 
referred, was naturally of primary importance. = 
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As the work on the several sections of the survey, extending from Montreal to 
Georgian Bay, a distance of 440 miles, commenced at the same time, it was impos- 
sible to initiate the levelling on the different sections from a common datum, and 
each party had to assume a convenient and arbitrary plane of reference for prelimi- 
nary levelling until such time as it would be possible to connect their net of elevations 
to a common line of precise levelling. 

For a work of such magnitude as that of the proposed waterway, it was at once 
recognized as a necessity that a precise level party be formed independently of all 
other parties, to check finally the transfers already made of the U. S. Coast and Geo- 
detic determinations to our territory and carry on the same system all along the 
route under survey. : 

This work was placed under the charge of Mr. Chas. F. X. Chaloner, C.E., who had 
been doing geodetic levelling for the Department of Public Works for many years, 
under the direction of Mr. R. Steckel, C.E., and certainly no better man could have 
been secured to undertake the work, which required extreme accuracy and great experi- 
ence. 

The programme carried out was the immediate transfer of the elevation of the 
Coteau Landing bench mark as determined for the Soulanges Canal to section No. 
1 of the survey; check lines from the U. 8. Coast and Geodetic bench mark at Rouseg’ 
Point, N.Y., to Coteau Landing and Cornwall; main line from Montreal to North 
Bay, thence to the mouth of the French river and check line from Toronto to North 
Bay with branch lines at different places, in all 945 miles of levelling. 

In conjunction with this, automatic gauges were placed at Toronto, Collingwood 
and French River harbour to collect the necessary data for checking precise level 
lines by water level transfers from U.S. permanent gauge stations. 

All the elevations shown on plans are, therefore, based upon the ‘ Greenbush’ 
bench mark, Governor’s island, New York, the accepted elevation of which, since a 
readjustment in 1903, is 13-863 above mean sea level. 

The initial’ point upon which our system of levels depend is a cross cut on top 
of plinth course, north end of the Chapman building at Rouses’ Point, Clinton county, 
in the State of New York. The elevation of this bench mark is derived from a read- 
justment made in 1903 by the U.S. Coast and Geodetic Survey, and is now accepted 
as 107-955 above mean sea level, instead of 110-06 as used formerly. 

All the details relating to the precise levelling and water level transfers made in 
connection with this survey, with results, adjustments, a descriptive list of permanent 
bench marks established with their elevations, &e,, will be found in a separate report 
under the title ‘Georgian Bay Ship Canal Survey,’ ‘ Precise Levelling.’ This special 
report is accompanied by a map showing the routes followed by the precise level party, 
as well as other lines made by the Canadian Deep Waterways Commission, by Mr. 
Steckel for the Department of Public Works and by the late Mr. Munro in regard to 
the Soulanges canal for the Department of Railways and Canals. 


TEST BORINGS. 


As soon as the work of the different survey parties was well under way, the ques- 
tion of test borings was considered, and the formation of three special boring parties, 
under the direction of an experienced engineer, was deemed advisable. 

Though the sectional engineers were instructed to note the character of the 
ground, when necessary, it was not thought in the best interests of the survey that 
they should be charged with the test borings, as this would have a tendency to delay 
the work of taking topography, soundings, contours, &c. 

Consequently, boring parties were formed, to be directed. from head-quarters as 
the general lines of the project developed, and in accordance with decisions reached 
from time to time to investigate more closely main and alternative routes, trial lines 
and dam and lock locations. 
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The boring parties, which were composed of an assistant engineer, foreman and 
three or more labourers, were placed under the direction of Mr. A. R. Dufresne, 
Mem. Can. Soc. C.E., one of the departmental engineers. 


Mr. Dufresne remained in charge until the end of February, 1906, when he was 
appointed resident engineer at Winnipeg, Manitoba, for the department. He was 
sueceeded by Mr. H. M. Davy. 

Three boring machines were purchased of the type known as the ‘Pierce Test 
Boring apparatus No. 80.’ 

This boring machine consists essentially of an outer pipe or casing, two inches in 
diameter, and an inner pipe or drill, three-fourths of an inch in diameter, with appli- 
ances for forcing them into the ground. Water is forced with a hand-pump, down the 
smaller pipe, and comes up between the two pipes, carrying with it in suspension the 
material through which it passes. 

Test borings were made in or near the proposed channels, at the dam and lock 
sites, and all locations investigated for the proposed waterway from Bout de l’Tle 
(Montreal island) to Lake Nipissing. 

When possible, the boring machines were used, but where boulders were in 
evidenee it was necessary to dig test pits, as the machines could not be used satis- 
factorily in boulder material. The use of dynamite, however, was resorted to in many 
cases with considerable success in connection with the boring machines for loosening 
hard material or for breaking occasional boulders. 

Tn soft material under water, or in swamps, hollow rods, pointed at one end, were 
used. 

Considerable difficulty was experienced in a great many localities where boulder _ 
drift material was encountered under water, or in low places where test pits could not 
be kept dry owing to seepage water. 

Generally, the first two borings made in any locality were spaced 400 feet apart. 
If the material penetrated gave indications of being very regular, they were spaced 
farther apart. For dam and lock sites, borings were made closer together. 

f In many cases, the result of the borings was such that the line of the canal on 
the sites selected for structures had to be changed on account of the unfavourable 
foundations encountered, and new lines or sites investigated. 

Borings were carried deeper than the proposed grade of the 22-foot channel or 
to bed rock, if encountered above grade; for lock sites to bed rock, when possible, and 
for dams and embankments to bed rock or hard stratum. Bed rock was not pene- 
trated, as no diamond drills were used. 

Samples of the different classes of material at each boring were taken and kept. 
in properly labelled bottles for future reference. | 

Nearly all the borings taken are shown on the general plans and are designated 
by a red circle bearing the same number as a vertical section of the boring, giving 
the character, thickness and depth of each stratum. 

The total number of borings made was 2,990, with a total depth of 27,000 feet. 

No borings were made on the French river as practically only granite is 
encountered. there. 

The characteristic feature of the test boring investigation throughout the 
Mattawa and Summit sections was the presence of extensive boulder drift forma- 
tion on the surface, which necessitated considerable test pit excavation. The only 
locality in which there is an absence of this boulder drift is through a swamp on the 
Lake Nipissing-Trout lake line, adjoining Lake Nipissing. Some hard pan was 
encountered but rock of the granite-gneiss variety crops out almost everywhere. 

Most of the localities tested in the Ottawa district have shown rock generally 
above grade, some gneiss being encountered in the western end, and limestone from 
Des Joachims east. Other characteristic materials encountered are sand, clay or a 
mixture of sand and clay. 
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Most of the borings taken in the beds of rivers were made through the ice, except- 
ing on Lake St. Louis, where they were taken from a scow, especially fitted for this 
work, and which was kindly loaned by the Hydrographic branch of the Marine and 
Fisheries Department. 

A complete record of the borings made, with their results, is given in Appendix 
B, being a detailed report prepared by Mr. H. M. Davy, the engineer in charge of 
the test borings. Moreover as mentioned above, most of the borings are illustrated 
on the large scale maps, giving their location and the different strata penetrated. 
Much of that information is condensed in the reports from the district engineers, 
and it is unnecessary for me to go into further detail. Enough has been given to 
show that the test borings required have involved an enormous amount of work, 
naturally of a comparatively expensive nature. But they were necessary to arrive 
at an intelligent and satisfactory estimate of cost. In case construction is under- 
taken, before the contract plans for the different structures can be prepared, a great. 
many more borings will be required. 


SUPPLEMENTARY SURVEYS. 


From time to time during the preparation of plans and the gradual development 
of the best possible project for the waterway, small parties were detached from the 
office staff to obtain supplementary information at critical points, where it was pro- 
posed. to place structures, and in cases of radical changes in the alignment. These 
parties generally consisted of an engineer in charge, one assistant and three to four 
labourers. They were out only for a few days at a time collecting additional infor- 
mation as to topography, contours, character of the material, &c. During the autumn 
of 1906 as the water on the Ottawa river was very low, a detailed survey of the 
Chaudiére falls, including the lay-out of all the works connected with the different 
industries established there, was made in order to have this most important part of 
the river as complete and accurate as possible.’ 

In order to give permanent value to the field work done in connection with the 
survey, it was decided, during the spring of 1906, to form a small party with Mr. L. 
R. Voligny, in charge, to fix a few geographical points along the route, in order to 
check finally the work done by the different surveying parties and to show on the final 
plans the territory surveyed in its proper geographical position. 

In performing this work the party was instructed also to replace some of the main 
traverse or triangulation stations by permanent monuments or marks, this to be done 
principally in the vicinity of the location of proposed structures and in such a 
manner that these stations could be easily found later and the survey retraced for 
some distance from these points, when so required for construction purposes. When- 
ever possible, Mr. Voligny was also to tie in any well defined township lines with the 
survey system. 

At North Bay, the Chief Astronomer’s observation pier was located and an 
observation for azimuth taken, fixing that part of the survey in its correct geographi- 
cal position. The township line between Ferris and Widdifield was located and con- 
nected with our survey net. 

All sections and subsections of the survey between North Bay and Montreal were 
tied together and observations for azimuth taken at each end. The results of these 
observations when compared with those of the several sectional engineers were found 
to agree within limits of permissible error. 

Sites for observation piers to be occupied by the Chief Astr-nomer of the govern- 
ment service, were chosen at Mattawa and Pembroke and fixed with respect to the 
survey. At Montreal, connection was made with the Hydrographic Survey of the 
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St. Lawrence river by triangulation, thereby forming a continuous survey from 
‘Georgian Bay to Quebec. 

A traverse from Balmer’s Bay to Chalk River, seven miles long, was made to con- 
nect the observation station at that point. This was necessary to fix the geographical 
position of the river between North Bay and Ottawa, the co-ordinates of Pembroke 
oceupied during the summer of 1906 by the Chief Astronomer not being available. 

Permanent reference points were put in at all dams and lock sites along the 
route between North Bay and Montreal. 

Whenever possible township lines were connected directly with the survey lines. 
When this was impossible, well defined farm or lot lines were picked up at convenient 
intervals from which the townships were placed on the original plans. A few lines 
on each section were checked by careful measurements for accuracy of chainage and 
in no case was a serious discrepancy found. 

In fact, this check demonstrated that the survey had been performed in a 
thorough and efficient manner and was in every way creditable to the sectional 
engineers and their assistants. 


GENERAL RECONNAISSANCES AND EXPLORATIONS. 


From the beginning of the survey, arrangements were made for systematic and 
progressive reconnaissances in advance of the surveying parties, in order to better 
direct the field work, and limit as much as possible the territory to be placed under 
development. 

It was understood that the district engineers should be acquainted, not only with 
conditions and physical features of the territory within the limits of their districts, 
but should investigate the entire route in order to be able to act in consultation on 
all matters referring to this project. 

Therefore, from time to time the different parts of the proposed waterway were 
examined, alternative routes were thoroughly explored, and preliminary deductions 
made, upon which supplementary instructions to the survey parties were based, either 
extending or limiting their work. . 

The French river, the different routes leading from Lake Nipissing to the Summit 
level, the conditions at the Summit, the Mattawa river valley, and all critical points 
on the Ottawa river were carefully examined by myself, in company with the district 
engineers, and all possible combinations of raised water surface, canal alignment, 
location and character of structures, &., consistent with economy, were discussed and 
noted for final determination, and several visits had to be made to study the condi- 
tions on the ground as the survey proceeded. 


~ GENERAL REMARKS. 


The extent and difficulties of the survey were not fully realized until the field 
force had commenced their work and reconnaissances had been made over the entire 
route. The distance of 440 miles to be covered from Georgian Bay to Montreal was 
increased to over 600 miles by reason of the several branches of the Ottawa river, 
which had to be developed, and the several alternative routes which had to be in- 
spected. In many places the strip of territory under investigation was much over one 
mile in width, with very wide stretches of water, which had to be covered closely by 
soundings and the bottom tested by borings. 

Work had to be performed frequently on very rough and dangerous waters, and 
extreme care had to be exercised to prevent serious accidents. That the survey was 
completed with only two drowning accidents, which occurred near the close of the 
work, speaks very highly for the good organization and the careful methods of the 
engineers in charge of parties. In order to reduce the danger of accidents, the prin- 
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ciple was adopted at the start of the work that all the equipment should be new and! 
the best available. 

Consequently, special boats, of ample strength and safety, were ordered to be 
built according to our specifications. 

Each party was provided with the following boating equipment :—2 lumberman’s 
boats, 36 feet long; 1 punt, 24 feet long; 1 skiff ; 1 large Peterborough canoe; and 1 
light canoe for portaging, &e. 

On some of the sections, where relatively large bodies of water existed, it was 
found advantageous to have small gasoline launches, which saved much time when the 
work was several miles from the camping place. They were also used to transport 
supplies, to tow the smaller boats required by the sub-parties operating at different 
points, &e. 

These launches were 24 feet in length, 6 foot beam, and could carry 15 men 
safely. They were built especially strong with a view of decreasing as much as pos- 
sible the chance of accidents, such as striking logs or rocks, a very common occurrence 
in shallow waters. : | 

In order that the work might proceed as rapidly as possible, the parties were 
arranged so that they could be subdivided and the levelling, topography, contours and 
soundings carried on at the same time. 

To render this possible each party was well equipped with instruments, and the 
following were issued to each:—2 transits with stadia and other attachments, 1 Y 
level, 1 Dumpy level, 2 field glasses, 2 box sextants, 1 prismatic compass, 1 hand 
level, rods, chains, sounding wires, and all necessary articles of stationery. 

The camp equipment generally consisted of: 

One engineer’s tent. 

One tent for rodmen and chainmen. 
Two large tents for the men. 

One dining-tent. 

One small tent for provisions. 

One small tent for the cook. 


All these were supplied with fly, tarpaulin, folding tables, stoves, &e. In many 
cases an extra tent was issued to be used as a drafting office. All camp beds, blankets, 
cooking utensils, &¢., were issued from head-quarters, when the survey was organized. 

Great care was exercised to supply everything needed, in order that the work 
might not be retarded for want of equipment and appliances to carry on the survey 
successfully and with despatch. ; 

The ordinary survey methods for similar work were followed and need not be 
described here in detail. They were governed by a complete set of rules and instruc- 
tions, as given in Appendix A, these being supplemented from time to time to meet 
special conditions. 

In general, all investigated areas were covered by accurate triangulation or closed 
traverse or both as a primary net upon which the topography, soundings and other 
detailed information were based. 

Base lines, incorporated in the above-mentioned net at suitable intervals in each 
section, were carefully measured by steel tapes with spring balance and thermometers 
—tapes previously tested for temperature and tension—the line levelled, reduced to 
the horizontal, and correction for tape error applied for, &e. 

Meridians were established by observation on Polaris or some other circumpolar 
star at elongation and connected with the survey system. 

The true azimuth was carried throughout the main triangulation or traverse for 
closure with adjustment of error between carried and observed azimuth, after correc- 
tion for convergence of meridians, &c. 

Where triangulation points were first established, the customary method of con- 
necting the triangulation stations was used, starting from a station with known 
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azimuth to another visible triangulation station meandering for positions required 
and the circuit closed by stadia or chainage on the next main station. 

“Work on both shores of the rivers was closely connected by cross-river sights, and 
shore line stations served to unite topography and hydrography. Check levels were 
carefully carried early in the survey in duplicate lines from the assumed elevations 
of permanent benches at each end of every section, which were connected with the 
precise level line as soon as available and the levels reduced to their true elevation 
above mean sea level. 

The topography was generally obtained from subsidiary lines and chain 
or stadia measurements. But in many cases owing to the extreme roughness of the 
territory, and the high underbrush, this information was obtained by means of hand 
levels, rods and tapes with angle mirrors or box sextants, for direction, excepting 
in those cases where possible structures might be located, when they were always more 
closely cross-sectioned by transit and Y level. 

Where the shores were very precipitous, either a limiting contour traverse line 
was run, or the slope, if it were a quick one, was determined roughly from shore 
stations by approximation, as no interests could be affected by a raised wat2r surface. 

When possible the stadia method of surveying was used in mapping contours and 

- general locations, 

Particular localities where required were covered so as to enable them to he 
developed in 2 and 5-foot contours. 

The work during winter time consisted principally in taking soundings from the 
ice, as it permitted of greater accuracy and required less office work for plotting on 
plans. 

For this work each party was supplied with a boring machine consisting of an 
auger geared to a hand wheel mounted on a sleigh and capable of drilling a 4-inch 
hole through 36 inches of ice. In some cases, however, the use of ice chisels was 
necessary. 

The lay-out for the ice borings depended on the depth of water, reference being 
made to the elevation of the proposed water level. In shallow places where excavation 
was likely to be required, lines were laid out 100 or 200 feet apart, and sound- 
ings across taken every 50 or 100 feet. In deep water where the bottom of the 
rivers or lakes was 30 feet or more under the proposed regulated surface level and of 
regular depth, lines were laid only every 500 or 1,000 feet until shallow water was 
again reached. This was done in order to reduce the cost of the work. All sound- 
ings could not. be made from the ice cn account of the jarge areas to be covered, and 
of unsafe ice in many localities due to strong currents, &e. Recourse had therefore to 
be made to boats and the use of the sweep bar. 

In very swift rapids no unnecessary risks were taken, and depths were estimated 
after careful observations of all conditions, especially when no close survey was re- 
quired in connection with proposed structures. 

In taking soundings the man in charge was instructed to carefully note the nature 
of the bottom,—independently of the special boring parties organized for that pur- 
pose—also the convenient location of all such material as would prove valuable in . 
construction. 

With regard to borings, instructions were issued to the sectional engineers to 
prepare plans, showing the location and number of borings desired in any particular 
locality, for the guidance of the engineer in charge of the boring party and his assis-- 
tants. 

At all critical points, high water marks of previous years, and the highest on 
record when obtainable from inhabitants, were carefully noted while records of the 
water levels were kept continuously for use in hydraulic deductions. 

As the work progressed, plotting on the plans was carried on by the field staff - 
with a view of proving every day the accuracy of the triangulation and traverse 


GEORGIAN BAY SHIP CANAL SURVEY 23 


SESSIONAL PAPER No. 19a 


systems and in order to be careful that any area or location under consideration 
received the necessary investigation. 

The survey as briefly sketched in the preceding pages was carried out under many 
difficulties which necessarily caused unexpected delays. 

During the first winter of the work (1905) the weather conditions which pre- 
vailed were very unfavourable. Extreme cold, and heavy snowfalls retarded the 
field work very materially. The men suffered many hardships and progress at times 
could only be very slow. 

During winter time, it was very inconvenient and often impossible to follow 
the work with the camp, especially in a sparsely settled district, and the distance to 
and from work was sometimes considerable. The winter of 1905 was remarkable on 
account of the prevalence of high winds and drifting snow, making the roads almost 
impassable. 

Nearly every day the roads had to be opened through 1 or 2 feet of snow which 
rendered travelling very difficult and caused a great loss of time. On the lakes and 
rivers, water overflowing the ice under the deep snow, created the worst possible con- 

ditions for sounding work. 
: In the bush the snow was exceedingly deep and fine, which hampered the men 
while snowshoeing. 

The work, however, was always prosecuted with the greatest good-will and the 
men deserve great credit for making fair progress under such trying conditions. 
The cost. was necessarily increased and the completion of the survey delayed, but this 
was unavoidable. _ 

During the summer of 1905 substantial progress was made and most of the land 
work completed. 

In the fall of 1905 it was hoped that the conditions would be favourable to rush 
on the ice the soundings of several long stretches of river and so complete them early 
in the winter. But again nature did not co-operate with the arrangements planned, 
fer under ordinary conditions, ice forms in November. But the fall of that year 
was unusually mild and the ice was not safe for sounding operations until late in 
December, and then only for a few days, as a thaw occurred, which further delayed 
the work. 

The different parties, however, did their utmost to push the work and show satis- 
factory progress. The engineers and their men were out in all kinds of weather and 
did not spare themselves to obtain good results and carry on the work as economically 
as possible. As a general rule, the men worked 10 hours per day, exclusive of leaving 
and returning to camp. 

. The labourers were under the charge of an experienced foreman, who was in every 
case an expert guide and riverman. To him was entrusted the handling of boats in 
dangerous waters, and to this is probably due the total absence of drowning accidents 
during the two years of the survey proper. 

After the completion of the field work, part of the engineering staff was retained 
to do plotting on plans, to make computations, take quantities, &c., at the offices in 
Ottawa. Some of the engineers were transferred to other branches of the govern- 
ment service and others engaged with private concerns. 


MINUTES OF BOARD MEETINGS. 


As previously mentioned, when the survey was organized it was the intention 
to create an Advisory Board of Engineers. This board to consist of the chief engineer 
of the department, the engineer in charge of the survey and the three district 
engineers. 

The matter was left in abeyance for various reasons and no board was officially 
appointed. 
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The great benefits of such an organization were, however, recognized by all the 
officers at the head of the work, and though not officially constituted, the functions 
of a board were carried out in practice, as far as possible. As executive officer, I 
arranged from time to time, meetings at which the chief engineer, the district engi- 
neers and myself were present, for the discussion of all important questions affecting 
the proposed undertaking. Apart from these general discussions, the details of the 
project, problems involved, determination of unit prices to be applied to quantities, 
&e., &e., the district engineers were always in constant consultation with mé and a 
decision given only after full discussion and the most mature consideration. Fre- 
quently, some of the sectional engineers having had considerable experience on some 
of the questions under discussion were invited to state their opinions. 

When doubt existed as to the advisability of reaching a conclusion without fur- 
ther investigation, visits to special works were made and the experience of other 
engineers inquired into. 

In this way the plans presented and the conclusions of the report, are the result 
of the deliberations of several experienced engineers who have not spared themselves 
in endeavouring to make the lines and details of the project accord with the best 
modern practice. 7 

The first meeting was held on October 18, 1904, after the different survey parties 
hod fairly commenced their field work. 

Questions relating to the survey, levels, borings, and field plans were submitted 
for discussion, and the following decisions were agreed upon :— 


Surveys.—Connected traverse both sides of the waterways, not more than three 
miles in each net, to be astronomically checked not more than ten miles apart; shore 
lines to be contoured 25 to 50 feet above water surface. Where river or country too 
wide to connect shore traverses, triangulations with closed traverses between trian- 
culation stations to be made. 

Permanent stations to be established along shore, upon which to base soundings, 
&e., later. 


Levels—Decided to have sectional engineers carry levels over sections in advance 
of other work, also to have Mr. Chas. F. X. Chaloner, departmental engineer, report 
at Ottawa to organize a party for precise levelling. 


Borings.—Decided that ordinary jump or test bars be used by each section, where 
possible, and that at a latter date to organize separate parties to investigate particular 
localities, where structures were likely to be built, with suitable boring machines. 


Plans.—Field plotting to be kept up with field work and not to be limited to any 
regular sized plans. 

After that date several inspection trips to different points were made and on 
March 16, 1905, another meeting was held to discuss matters relating to plans, and to 
flow measurements. 

Many details relating to size and scale of working plans and maps to be pub- 
lished were settled. It was decided that soundings should be shown in elevation 
above mean sea level, the same as all land levels. A method of showing topography 
and hydrography, defining the contours, &c., was adopted. 

Regarding the gauging of flow, the formation of special gauging parties was con- 
sidered necessary and instructions issued for their immediate organization. 

It was decided that the district engineers should determine the critical sections 
of the main river where measurements should be taken and define them , and that the 
hydraulic engineer be then instructed where to gauge the flow; all locations and lay- 
cut of the cross-sections in connection with the gauging of the main river tributaries 
to be made by the hydraulic party. 
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Regarding tributary streams, a reconnaissance of these to be made and a report 
given on each as far from their outlet as may be determined by the district engineers. 

At several subsequent informal meetings, much discussion took place as to locks, 
types of dams, regulating works, &., and it was decided as very advisable, to visit 
Some works of river improvements in this country and in the United States before 
arriving at conclusions on some of the matters under consideration. 

On April 5, 1905, the Canadian lock at Sault Ste. Marie was visited and a 
splendid opportunity was given to inspect the entire structure as it had been pumped 
dry for painting and repairs. 

The next day the American locks were inspected, and the large Poe lock was also 
seen empty. Valuable information was obtained from Superintendent Boyd of the 
Canadian lock, from Mr. Ripley, Superintendent of the American locks and from 
Mr. L. C. Sabin, his assistant. 

The ‘Stoney’ sluices on both the Canadian and American sides were visited and 
their operation inquired into. 

On the 7th of the same month through the courtesy of Mr. George B. Wisner, 
the regulation works of the Chicago Drainage canal, at Joliette, Illinois, were seen. 
The working of the bear trap dam, 160 feet in length was kindly explained by 
the superintendent and operated for cur benefit. There was also a space controlled by 
Stoney sluice gates and the difficulties experienced in their manipulation as well as 
probable causes were carefully noted. 

The following day was spent in investigating the lift bridges as built on the 
Chicago canal and Mr. Wisner was very kind in giving us valued information in this 
connection. 

Various other canal works were also visited before returning to Ottawa. 

In July of the same year, I attended with Mr. Coutlee, a meeting of the Inter- 
rational Waterways Commission at Montreal, and we had an opportunity of discus- 
sing thoroughly many questions relating to canal work with the ate George Y. 
Wisner, C.E., who had been intimately connected with the Deep Waterways Commis- 
sion of 1901, and who had also been a consulting engineer for the Montreal, Ottawa, 
and Georgian Bay Canal Company, during the same year. 

About the same time the St. Lawrence canals were visited, where an opportunity 
was offered to collect data for further discussion as to the suitability of concrete for 
lock construction, workings of ‘Stoney’ sluice gates, operation of lock-gates by elec- 
tricity, bank protection, &e. 

At the beginning of September, 1905, after having formulated a general plan of 
in:provement for the French, Mattawa and Ottawa rivers, a canoe trip was arranged 
to travel these waterways, including alternative routes, in order to thoroughly grasp 
the ensemble of the project, to view each critical point, and to ascertain the condi- 
tions which would limit or alter the nature of the improvements contemplated. On 
that trip I was accompanied by Messrs. Coutlee and Chapleau, and by Mr. Alexander 
McDougall, hydraulic engineer, on that portion of the journey relating to the Summit 
level and the French river. Every possible condition of raised water surface in 
relation to adjacent territory, and every possible location for structures was examined 
and discussed. In fact all the requirements for the canal, including Summit water 
supply, storage of flood waters, difficulties of construction, &c., were thoroughly 
examined and debated and some important decisions rendered as a result. 

On February 22, 1906, as the field work was practically completed, a special meet- 
ing was held; Messrs. Coutlee, Chapleau and myself being present. Details relating 
to office work were discussed and decided. The question of dams also came up for 
discussion but no decision was reached. 

This meeting was followed by another on March 12, the same members as before 
being present. 
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The main questions taken up for considerations were:— 

1st. Bottom width of canal, under the different conditions encountered, 
through heavy earth and rock cuttings, in submerged channels, &c. . 

2nd. Side slopes for different materials. 

3rd. Increased width in curves. 

4th. Maximum curvature to be allowed through restricted channels. 

5th. Depth of navigable channels and depth of water on lock sills. 

6th. Minimum depth of Summit level, in order to provide against the con- 
tingency of lower water, than anticipated. 

Nth. Size of lock chamber; minimum length and width. 

8th. General lay-out of approaches to locks, when conditions are such that a 
general rule will apply. 

9th. General consideration of question of dams and regulating works. 

10th. Further surveys connected with the French river section. 

A schedule of regulations in regard to work on office plans was presented and 

after due consideration the following decisions were reached :— 
1st. That the depth of the canal be not less than 22 feet at the lowest con- 
trolled level. Reaches to be the same as lock sills. 
Qnd. That the bottom width of the canal be not less than 200 feet in very 
heavy rock cuttings, and not less than 300 feet in submerged rock cuttings with mark- 
ing cribs along the sides. 
3rd. That the same width prevail for earth channels, with side slopes gene- 
rally 2 feet horizontal to 1 foot vertical. 
4th. That on curves, sides of channel to be produced to intersection, with 
inside angle rounded off. 
5th. That no curves be sharper than 2°, excepting in some special cases 
where conditions would force a sharper curvature. 

Depth at Summit level and size of lock chamber were left over for further con- 
sideration. 

Another meeting was held a few days later (March 24) at which the chief engin- 
cer was present. The decisions previously given were confirmed and other matters 
of detail discussed. 

It was agreed that, if possible, it would be advisable to have Captain J EW. 
Noreross of the Wolvin line of large lake freighters come to Ottawa and be examined 
se as to ascertain his ideas of handling boat traffic, and navigation through restricted 
channels. | 

Captain Norcross was kind enough to give us the benefit of his long experience 
on the lakes and his views are given in Appendix O. 

An invitation was extended to the officers in charge of the survey, by 
Messrs. Wolvin, through Captain Norcross, to take a trip on one of their largest lake 
freighters, where good opportunities would be offered to observe the handling of boats 
through the Detroit and St. Mary’s rivers, and the conditions prevailing in restricted 
channels. For this courtesy I desire to again express my most sincere thanks. 

On June 2, 1906, I went aboard the Augustus B. Wolvin, at the Lackawanna 
Steel dock in Buffalo accompanied by Mr. Coutlee; Mr. Chapleau being detained on 
the French river. 

This steamer is 560 feet long, 56 feet beam and has a carrying capacity of 12,000 
tons. 

After leaving the dock, the steamer was headed through the southern entrance 
of the Buffalo breakwater and proceeded up the lake at the rate of twelve or thirteen 
miles per hour. It took one hour to back up about 1,000 feet, turn and pass through 
the breakwater. 

The next day the boat entered the foot of the Detroit river, Boisblanc island, 
and proceeded through the Limekiln crossing with two freighters ahead, and one 
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behind, the steering of the Wolvin at this point being remarkable. She threaded her 
way up the crooked channel of the river with great ease and was constantly passing 
other boats to the right or left according as the down boat indicated by whistles. 


Lake St. Clair and the Flats were reached shortly after noon. There are two 
large sweeping curves at the foot of the St. Clair river and the steamer was often 
within 50 feet of the bank. The down boats travel very fast as in addition to the 
current of the river they are obliged to maintain good steering head-way. 

The United States ship canal there consists of two walls of crib-work. Through 
this the boats must strictly conform to regulations for speed, passing, &c. In the 
river itself, through boats overhaul and pass one another. 


Passing out of the river into Lake Huron the boat crosses from side to side, thus 
working through the stiff current at the head. 


Detour on the St. Mary’s river was reached on the noon of the 4th, and the 
tiver was travelled up to Hay lake at the rate of nine miles per hour. All the courses 
in the river are not marked by ranges but the captains steer by the conformation of 
tke shore. Cuts and bad points are, however, clearly shown, and marked by ranges 
and buoys. \ 

While going up the river several dredges were at work but the Wolvin passed 
among them without difficulty. Sault Ste. Marie was reached in the evening. 
Immediately after rounding the rather sharp curve going towards the lock the steamer 
had to slacken speed as there were four boats ahead. Two of these made fast to the 
north pier below the Poe lock and the Wolvin was obliged to berth behind them. To 
do this the boat was stopped in mid-stream. Lines were passed to the dock and her 
hauling engines moved her into place; without trouble and with very little loss of 
time. Three hours were spent in waiting for the lock, and when we finally proceeded, it 
was very dark and foggy but the river was navigated with practically no trouble, 
boats being passed on either side. On June 5, on Lake Superior there was a thick 
fog all day but the boat ran at full speed and kept whistling every minute. 


Duluth was reached on June 6, after a very instructive trip which showed in 
a very practical manner how the requirements of navigation can best be supplied in 
the improvement of rivers and restricted channels. 


The extensive observations made during the trip and the numerous discussions 
on all matters relating to navigation with practical men were of the greatest value 
in deciding on the general lines of the proposed waterway. 

During 1907 and 1908, investigations were made by the district engineers in 
regard to the different types of valves and gates used in locks and controlling works, 
leading to a selection of the most economical and efficient types as governed by the 
conditions met with at the different locations. 

The question of dams and especially the suitability of rock-filled dams in certain 
structures was carefully considered, and some works were visited in the United States 
and Canada, so as to collect all possible data. Various types of valves and gates were 
seen in actual operation and dams of different character carefully inspected. Unfortun- 
ately, the time at their disposal did not permit of their investigations extending to the 
Ohio and other southern rivers, and to the largest ship canals in the world. 


A recommendation was made about a year ago, to the effect that a board of two 
or three of the engineers connected with the project should be commissioned to visit 
seme of the larger river canalization and ship canals existing or at present under 
construction and collect data as to the results achieved and desirable improvements 
gained from actual experience. No action was taken on this recommendation, but 
I am still of opinion that, for a work of such magnitude as the proposed undertaking—- 
one of the largest in the world—it would be in the interest of the government before 
commencing construction, to commission some of its engineers to study the world’s 
experience in the development of waterways and works connected with them. 
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The office work at Ottawa was organized by the appointment of a few draftsmen 
under the direction of Mr. L. A. DesRosiers as chief draftsman. Mr. DesRosiers 
has to his credit a large experience in the department regarding surveys and engineer- 
ing works. He was well qualified for the position and has given the greatest satis- 
faction. 

The first work undertaken was the tracing of a large number of old survey plans 
obtained from the Department of Railways and Canals, also the tracing of official 
township, parish and other plans required for reference, and compilation. 

Research work was commenced by Assistant Engineer A. T. Genest, leading to 
the execution of special maps of the Ottawa river showing conceded lands, water- 
powers under option or lease, and those already disposed of, with other information 
of interest. 

As soon as the field work had progressed sufficiently, draughtsmen were detached 
from head-quarters from time to time, to assist on the field plans in the plotting of tri- 
angulations, traverses, &c., in order to keep the plans advanced with the field work, 
in so far as necessary to effect a check on the field operations. 

Sectional engineers in the field were supplied as fast as possible with copies of all 
township or any particular old survey plans existing, which might be of some use in 
directing their survey. 

When the survey was completed and the engineers ordered to report at head- 
quarters for office work, quite a few of the plans partially plotted in the field had 
to be transferred to new sheets of drawing paper as some of them had been accident- 
ally damaged by water. With the assistance of the engineers a force of draftsmen 
was employed completing the field plans, and making copies rearranged in suitable 
sections. On these plans are recorded, all elevations, contours, bench marks, the 
centre line of routes investigated, cuts, location of structures such as locks, dams, 
regulating works, &.; ranges of lights, cross-sections of the waterway, diagrams 
illustrating borings, water records, flooded areas, grade contours, mileage, &e., &c. 

In every case, on the same sheets is a profile showing the bottom or eade line. 
ef the proposed channels, the present water surface and the proposed water levels, 
the location of locks and the profile and nature of material to be excavated. 

Land divisions on both sides of the route, with lot numbers have been compiled, 
as far as available, and also plans of adjoining cities, towns and villages. 

The working plans which are made toa scale of 400 feet to 1 inch are as fol- 
lows :— 

No. 1.—Montreal to Ste. Anne de Bellevue. 

No. 1A.—Bout de l’Ile to Lake of Two Mountains. 
No. 2.—Ste. Anne de Bellevue to Hawkesbury. 
No. 3.—Hawkesbury to Ottawa. 

No. 4.—Ottawa to Chenaux rapids. 

No. 5.—Chenaux rapids to Pembroke. 

No. 5A.—Sable rapids to Fort William, Que. 

No. 6.—Pembroke to Des Joachims rapids. 

No. 7.—Des Joachims rapids to Mattawa. 

No. 8.—Mattawa to head of French river on Lake Nipissing. 
No. 9.—Head of French river to Georgian Bay. 


These maps, have been prepared strictly for engineering purposes and are 
too large for publication. As it was necessary, however, that maps illustrating the 
routes selected, as well as alternative routes investigated, accompany the report for 
a better understanding of the physical and engineering features of the project, a 
second set of maps reduced to a scale of 4,000 feet to 1 inch was prepared, which is 
suitable for publication and which contains essentially all the information which 
is of general interest. 
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As it was required that the estimated cost of the project be as complete and as 
accurate as possible, general plans of all structures were made in order that correct 
quantities could be obtained. 

Enlarged plans of dam and lock sites with contours, &c., have also been prepared. 

The reduced plans from the large detailed sheets, show the route with complete 
profile of the land and water surface and the different reaches proposed. 

Though it was impossible to show on them much of the topography and other 
details, they, however, show the project in a general way and give a good idea of the 
works required and the location of the proposed structures. From thirty-three to 
forty miles of river are shown on each sheet. 

In addition to these, two general maps, one showing the territory adjacent to 
the waterways, the other embracing all of the Great Lakes have been prepared. The 
first, which is plotted on a scale of six miles to 1 inch, shows the general topography 
of the country through which the proposed waterway is located, together with a 
general profile of the centre line, and also serves as an index map to the large scale 
plans. 

The second general map is for the purpose of showing all the principal railway 
and water routes from the head of the Great Lakes, in relation to the proposed Ottawa 
River Waterway, and contains several tables of comparative distances between main 
shipping points via different routes. 

A special map of the drainage area of the Ottawa river with subdivisions show- 
ing the water-shed ‘area of every tributary will be found of interest, and has been 
prepared in connection with the question of storage reservoirs for the regulation of 
the flood flow. . 

Apart from these, various plans and diagrams regarding hydraulic investigations 
and other special matters referred to in this report were also prepared. 

The taking out of quantities for the main and alternative routes has involved a 
very large amount of work. This was done with the utmost care by experienced 
computers and carefully checked. In order that the estimated cost be as reliable and 
accurate as possible, all quantities referring to excavations, embankments, locks, 
dams, controlling works, flooded lands, &c., have been itemized and worked out in 
detail. In applying prices for the estimated cost, in every case, local conditions have 
been considered and difficulties of construction likely to be encountered, have been 
studied. 

A limited staff was maintained at Ottawa to carry on the necessary correspon- 
dence; the supervision of accounts, the care of instruments and equipment besides 
performing research work, and a somewhat detailed description of this branch of the 
work may be of interest. 

‘The amount of correspondence was relatively great, owing to the daily communi- 
cation maintained with the field staff; to the frequent exchange of opinions with 
engineers in charge of similar works in the United States and in Europe; to the 
research work performed in connection with land grants and water-power priveleges 
in the territory under survey, and my departmental duties as assistant chief engineer 
also contributed considerably. It gives me pleasure to state it has all been satis- 
factorily performed by those to whom it was entrusted. 

As the cardinal principal of this organization was to have the survey completed 
as thoroughly and rapidly as possible and at the same time, economically, all expen- 
ditures were carefully checked. 

All accounts for supplies purchased in connection with the field work had to bear 
the following certificate ‘Goods received. Prices fair and just,’ followed by the 
signature of the engineer in charge of the party. They were included in a return 
of accounts compiled at the end of each month in conjunction with the pay-list and 
forwarded to the respective distrist engineer who wrote the certificate ‘ Approved’ 
followed by his signature. They were then carefully checked by a member 
of the clerical staff, care being exercised to ascertain that the prices charged were 
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reasonable and that they had the necessary certificates. I then signed them and they 
were transmitted to the chief accountant of the department for payment. As men- 
tioned previously in this report no accounting branch was organized in connection with 
the survey. A paymaster, however, was employed during 1905 to visit each camp 
every month so as to pay the engineers and men their wages in currency. 

On such a large undertaking the purchase and cost of provisions was an import- 
ant item in connection with the field work. | 

At the commencement, provisions were supplied to the field parties to last until 
the sectional engineers could perfect arrangements with local merchants. When 
dealing with the latter, I frequently cautioned the district and sectional engineers 
to examine and control severely all expenditures and to allow no fancy prices or the 
purchase of articles which might seem extravagant or unnecessary. 

In order to secure uniformity among the camps and for the guidance of the sec- 
tional engineers a circular was issued giving the following ration and price 
list, which was based on the list which described the food necessary to subsist one 
_ man one day while connected with the United States Geological Survey parties. The 
prices were kindly supplied by Bryson, Graham & Co., and were the ruling market 
value in Ottawa at that time. 


RATION LIST AND PRICE LIST. 


Quantities given below are for rations for 100 men for one day. These being 
maximum amounts sufficient for all circumstances, are not to be exceeded. 


Articles. Quantity. Cost. Total Cost. 
$ cts $ cts 
Wreshtmcatoroe cn ce hot dee PR AREA 9 Pin 100 Ibs. O 12c. per Ib. 12 00 
UTED INCA GA ae on de ae ae 2 ae at. 01 y 5 95 
CARNEUSINeA bese beta a ore LAR to a cde oles TOs O 14 8 1 40 
CGSHS ee cA ee he sailed, Slane rs Re or he aR Mt BY meIn Nias Ses Ob 2 eae O 624 
LB 3 [eRe cae Ca ees Oe Pee RA et AEM mc cl eae Ene Mech Way Oxld oe 1 65 
OUT oe Srna, Geek Senet RE Rend Ac hich Der ann eae Von 2 80 per cwt. 2:10 
CEREKEES Te leah oe eR Beeston ee etre ees O ile. per lb. (average). 0 55 
MO GENSINCAL oe fee dG CPE ER as nO nee oe 15. O 042 =“ OZ 
Cereal ar re ag tse otal cl RS Laie Locteeoneeea Poe ss 0 042 “ i ORG 
IMBICATONI vo csycre cee cies =: SETA Cite ERTS OIE ole wia.c Ser ais 1525 0 042 * = One 
SACOMricOrl Starches. (pee ee ie oe ae ee ee ase 0 04% “ s 0 72 
Baking powder or yeast cakes ...........--+00000: Bie Orisa 0 274 
Granulated sugar ses tence ei coo eee tee 40 “ O04 1 90 
MOLASSES AR Piette eh iy iire ac est A aOR SE cf cle tel ita ae aerate 1 gallon. O 45c. per gall. O 45 
COTE ORE ANS caiioe AEE ok, ae ee ae NR Oy Loot aus maith caste aca 12 lbs 0 30ce. per Ib. 3 60 
Lea sCHOCOLATEL OL COCORs sotan cin ener re ce eae 2 ae 0 35 - 0 70 
GCondensedvmilk (55 2e)..a ara s-o es ee oe 10 cans. O 132c. per can, 1 374 
LST PERS ins DN eA OR ORE hy Un, ec Aa Re LA 10 lbs O 20c. per Ib. 2 00 
Dried fruih ee Ah Oe MeL: ooh oR annie ane 20 Orlge & (average). 2 534 
EOS Bester eye auta easter da ty arcane drank) Fi uatcmatee: LOee O 05 ef 0 50 
BY hots erapete epee ma Arete ted ee ohrie) tlio, RR eee eka eee i Orme OFO34 0 ae 0 334 
PoLtatoesior- other veretablessnemba men so ee ek 100m 0 50c. per bush. 0 834 
Canned veretablesten.. set). ch wna e Sac oe sion ae 20 cans. 1 15e. per doz. 1 534 
AGATITIOCL LTR Gsers etter tite ee ee RL eee ieee er are Igy 2 00 of 1 664 
PSECR TT hit er ede 3. Sil ecg Ime JS: od sary) saceanlinoeees 4 ozs. O O3c. per oz. 0 12 
BIA VOuLINeTeXtLAGtS inde aoe Rees. ce et ae a 0 10 : 0 40 
CPD ee ee a Oe ee ees oe nice 4 Ib 0 28c. per Ib. O 07 
PMiuistaarclmmar tors he eee Ce eee ee oon oss eat een 4 « 0 50 i O 124 
PICKLES eae eerie ea oie fe ee Ne wee ead ae 6 bottles. 0 25c. per bottle. 1 50 
NIST ah Art DEE 3, ss cao ae a Ree 1 quart. 0 12%c. per quart. O 124 
JUSS O) ORR CN ha ei en EERE ol, 6 cnt AA ie eA 2 104 Ibs. O Olde. per lb. 0 15 
‘ataltcost of rations) for LO0 men fori days... tae ee eet ake cet ee eee $ 45.18- 
‘Lotaljeestofirationsaorpleman for l'daye... oc it aa eet atic ees eee O 45% 


Notr.—Articles of food not mentioned in the above list, such as eggs, &c., can be 
purchased instead of articles of a similar nature which are quoted. 


As will be seen in the following statement, this order was faithfully observed .as 
the average rate for the entire field work, under canvas, was 44 cents per man per 
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diem. The difference in the averages was mainly due to the cost of transportation, 
when camps were a long distance from towns or villages. 


No. Cost 
Name of Party. Date of Field Work. of of Rate, 
Days Provisions 
J 
$ cts $ cts. 
Prenchelonver seer ae asain Sie ee te May 13, ’06-July 31, ’06.. 1,352 740 00 O 54% 
AK OUNIDISSINE en Paty sie, etn eed ech Dec. 21, ’04-Mar. 31, ’06.. 5 ,027 3,161 31 0 63 
DECLONE NOt ents. tir rcrse ee int nh sia cats Sept. 27, ’04-Dec. 31, ’05.. G22. 3,568 90 O 494 
SECLIOMPIN OCHO tev ketgene UA no ae sheictree Sept. 27, ’04-Dec. 31, ’05.. 7,676 8,615 54 O 47 
DECMOMEN OL en finns bare creme e oreo © Seer Sept. 27, ’04-Dec. 31, ’05.. 8,1574 3,823 09 O 47 
SEG UCONN OLAS sein, tar meric hele ele Bade a oie Sept. 27, ’04-Jan. 31, ’06.. 9,946 3,691 83 0 37 
SOGiGIENOTRI GA chen ee ete en nts a hbeioces Sept. 1, ’05-Jan. 31, ’06.. 2,507 1,181 33 0 47 
DECHIOUBINO] O Micke seas Oho mine Ute ciiee erin. Sept. 27, ’04-Jan. 31, ’06.. 9,183 2,358 33 O 252 
SEchioneNOs Grave se osuabi hen ore hee Sept. 27, ’04-Jan. 31, ’06.. 8, 6974 3,344 27 0 384 
RMU ON OST coco te ha ale as Hint oe cae es Sept. 27, ’04-Sept. 30, ADs = 7,0324 3,324 35 O 474 
RED MINN OSS ln hier tans areiabrle en aca als Sept. 27, °04-Aug. 31, f0on- 6, 2414 3,209 21 O 514 
SECUOUMNOS Oeste! Rem or eee ee Sept. 27, ’04-Oct. 31, ’05.. 7,100 3,264 75 0 46 
1] RCO EH PSR the k beac RN OL, er pe DO en, cate ed pea ee eae a a 80,147 35,282 91 
PAV CEA OS sameeren ine Ge peter rat [ion eet ame ee a te eere 6,679 2,940 24 O 44 


The staff was also instructed by circular letter that accounts for travelling 
expenses should bear the following certificate ‘The whole of this expenditure was 
incurred on government business,’ followed by the signature of the person who had 
actually incurred the expenditure and then to be forwarded for payment in the usual 
inanner, after having been certified as correct by the sectional engineer. 

The circular further stated (1st) that if the whole or a considerable part of 
any trip could be made, going and returning over the same route in thirty days, a re- 
turn ticket was to be purchased, (2nd) that any charge amounting to over five ($5) 
dollars was to be supported by an acquitted sub-voucher; (3rd) that no charge for 
books or stationery would be allowed as all such could be obtained through requisition 
from the government stationery office; and that no charge for board while working 1 in 
Ottawa would be allowed, it being the head-quarters of the work. 

Practically all the equipment purchased was ordered by either the district 
engineers or myself so as to curtail expenditure and to be certain that the article 
ordered was essential for the successful completion of the work. 

Early in 1906 when the main field work was completed, public auction sales were 
held in Ottawa and in Mattawa and the greater part of the camp equipment was dis- 
posed of at good prices; the remainder of the equipment being stored, in good con- 
dition, at different points, for further supplementary investigations. 

This responsible task was assigned to Mr. A. E. Cross, to whose zealous efforts 
and good judgment the success achieved therein, was wholly due. 

-As the department was building large works at St. Andrews Rapids, Man., and 
performing extensive surveys for proposed dredging at Fort William, Ont., St. John, 
N.B., and other places, it was deemed advisable to transfer the necessary field instru- 
ments from our work, thus avoiding their purchase elsewhere. In this connection, 
instruments to the value of $8,500 were transferred and credited to our appropriation. 

The total cost of the survey up to December 31, 1908, was $696,066.47. 

In view of the magnitude of the work performed and the many unforseen diffi- 
culties encountered it is considered that the sum expended is reasonable when com- 
pared with the results achieved. 
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The survey being inaugurated in September, 1904, ‘under my immediate direction, 
a special office and technical staff had to be organized. 


The following list gives in alphabetical order the names of the senior officials, 
with the dates of their appointments, promotions, and retirements. 


Name. 


PIG ERO oe ite ates iaiee as 
Barrett. hes, Eye eisere eee 
Bell REPU eee eetemiayniscaue ees 


Birch, Anthony.......... 
Brousseau, Césaire....... 
Burgess, F. R 


Chaloner, C. F. X.... 
Chapleau,)S. dic... on > 
Collins#Is Jers eee eee 
CGtEsMariatce. (sinc om. : 
CoutléeCaRice.ts . seccc 


Coyne: Gs Buses se 
Cross Wr. ceeds oer. 


CTOSS MARTE eet. ets 
Davis, Florence G........ 
Daviyseie ees cririecrs : 


Dawson, eMigul-los se + 
WeiChalotshe ce. cde peek 
DesRosiers, L. A.....-.-- 
Di Gry 5: ene eS 
THOMARO. Link tyes oi 
Drury 2b HAWK sa ee a. 


Forward, HORA Go be vc 


Gregory e wich ieee 

Grifiths “Grbiray.eereaer 
Elarcourt.neeule net. 
Harcourt, Heo Yi sate eee 


MONTINGS 1 Gin Lewiets eis lensne soe 


So) Hakeoyabo weal eae om cee 
WONNSON, GeO.) (e006 asia 
WellarOuiso as tiecus eis 


Berrigan sel Ga eke cess 


Wonestondct kee k ok hee See 


../Oct. 


.|Dec. 


Date 
of 


Appointment. 


.|Dec. 11, 1907. . 
Sept. 27, 1904. . 
Sept. 27, 1904.. 


Sept. 27, 1904. . 
3, 1904. . 
Sept. 27, 1904. . 


Dec. 


..|Oct. 14, 1904. . 
1, 1904.. 
Sept. 26, 1905. . 


Sept. 10, 1904. 
Oct. 


Oct. 


.|Sept. 29, 1904... 
Sept. 27, 1904. . 


Oct. 14, 1904. . 
Nov. 4, 1907.. 
. Sept. 27, 1904. . 


Jan, 23, 1905.. 
Mar. 28, 1905. . 
Jan, 11, 1905.. 


Sept. 27, 1904. 


Oct. 14, 1904.. 


1, 1904. . 


Dec. 16, 1904. . 
Sept. 27, 1904. . 


Jan. 18, 1905... 
ABs Pale IR Dsyy 
wel Mars 21519052. 


iNov. 14, 1904. . 
May 14, 1906. . 
Dee, 17, 1904... 


ES 


Sept. 16, 1906. . 
June 24, 1907.. 
Oct. 19, 1904.. 


Apr. 16, 1905. . 
.|Jan, 24, 1905. . 
1, 1904.. 


9, 1907.. 
Sept. 27, 1904. . 
Oct. 19, 1904... 
June 26, 1905.. 


Sept. 27, 1904. . 


Date 
Capacity. of 
Retirement. 
Draftamisinso x oftes er ate aban. Soe eae ..|/Feb, 17, 1908 
1st asst. engineer on section No. 4.........-+--++-++-- Jan. 28, 1905 
Engineer in charge of section No. 2; December 31, 1905, 

transferred to office staff..........--.--+---05- pr. 30, 1907 
2nd asst. engineer on section No. 9......-.----+-+++: Oct. 21, 1905 
Draftsman we. cite DT ae Chiao n etry ip Helene tree WENO A Banmreena amre te pad 
Rodman on section No, 1; January 31, 1906 transferred 

to office staff; September 1, 1906; promoted to be 

InG ASSteNGINCeL. aes ea eee MPR icce ee ret larirscy Mth eles ac 
Engineer in charge of precise levelling party........- May 31, 1908 
Engineer for Nipissing district; member survey board.|.......-...-. 
1st asst. engineer on hydraulic staff,.............--. Feb. 17, 1906 

Stenographer i ve een 2 Coin oe th Eo ise «ses ee ea 
Engineer for Montreal district, and after February 17, 

1906, also in charge of Ottawa district; member 

Survey. DOaTd::.< dactorcethistes wale Os dl avs dete Riess > <i eee 
Drkltatiahin 2 oc ocean 2 heels amen shone ature gs Mar. 31, 1907 
Engineer in charge of section No. 3; December 31, 1905, 

transferred to office staff............-.-+--+---- ec. 31, 1906 
Paymaster and storekeeper......---- +--+ etree eee e (nett eee tees 
Stenographer for hydraulic staff...........----++-+55 Apr. 30, 1906 
Draftsman; June 1, 1905, transferred as asst. engi- 

neer in charge of test boring party No. 1; July 1, 

1906, promoted to be in charge of test borings...|...........- 
Old a GT RAG ak ee aa heres: hi nani Sn ele Shoea IMTS ice © Sept. 30, 1905 
Draftsmiamid coche aint Some Sib ebe eds Gichebousee io eins Seton es depeuete rel lems etn eee ea 
Chief draftsman. .s6 254.2 2 Sete se ee ere ee hee ee 
Compiler of statistics. ..... 256-0 se cece eee eee cece. July 31, 1908 
Draftarnan 3.30 one oie ee ene See ns Oey Mad ORE OR CORE OL rca ae a 
2nd asst. engineer on section No, 6; January 1, 1905, 

promoted to be Ist asst. engineer; April 26, 1905, 

appointed. engineer in charge; February 1, 1906, 

transferred to office staff..........-..-+---+---- une 10, 1906 
Engineer in charge of test borings......-.-.-+-++-++--- Feb. 28, 1906. 
2nd asst. engineer on precise levelling party........-- May 20, 1907 
lst asst. engineer on section No. 9; November 1, 1905, 

transferred to section No. 2; December 19,.1905, 

transferred to office staff..........-----ee-eeee- June 3, 1906 
Asst. engineer at headquarters.....-..---+-+++s++-+-: Dg eee ne 
Ist asst. engineer on section No. 7; October 1, 1905, 

transferred to office staff..........+-.--2++-- c++ |Aug. 31, 1906 
1st asst. engineer on precise levelling party.........- Apr. 30, 1907 
Draftaman te i008 ats ale sie ee ag ieee aera Sains 
2nd asst. engineer on section No. 8; September 1, 1905, 

transferred to section No. 4A.; January 31, 1906, 

transferred to office staff; May 16, 1906, transferred 

to hydraulic staff as 1st asst. engineer.........-- Feb. 15, 1907 
Draf hams sees ek Ce terres meer een Aug. 31, 1908 
Engineer in charge of section No. 4......----+++-++> Feb. 28, 19Q5 
lst asst. engineer on section No. 3....--.----+2+++--- June 15, 1905 
1st asst. engineer on section Np. 3; December 31, 1905, 

transferred to office staff; May 13, 1906, trans- 

ferred to French River party; August 1, 1906, re- 

joined office staff; resigned March 7, 1907; reap- 

pointed to office staff, September 28, 1907....... Dec. 31, 1907 
lst asst. engineer on section No. 1; January 31, 1906, 

transferred to office staff; May 13, 1906, trans- 

ferred to French River party......---+--++:++++: July 31, 1906 
Draftsman on hydraulic staff; May 1, 1907, pro- 

moted to be Ist asst. engineer...........-.+-+-- sradl Peake nna tener ae 
2nd asst. engineer on section No. 5; January 31, 1906, 

transferred to office staff,.....-- 2. ++ eee r ee eee May 31, 1907 
1st asst. engineer on section No. 3; March 31, 1905, 

transferred to hydraulic party; May 31, 1905, 

transferred to section No. 5; January 31, 1906, 

transferred to office staff......-..--- +s eeee Oct. 31, 1906 

.(Chainman on section No. 1; December 1, 1905, pro- 

moted to be rodman; January 31, 1906, trans- 

ferred to office staff; May 1, 1906, promoted to be 

Qnd asst. engineer....--.-- +s seer e eee eeeee Aug, 15, 1906 


Draftsman on precise levelling party... ---.:-++++-++5 Aug. 25, 1906 
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Date Date 
Name. of Capacity. of 

Appointment. Retirement, 
Lamoureux, Jos.......... June 1, 1905. .|1st asst. engineer on section No. 5; January 31, 1906, 
_ transferred to office staff; February 1, 1906, pro- 

moted to be sectional engineer. .............. .|May 15, 1907 
Languedoc, G. de G....../May 1, 1905. .|/1st asst. engineer on section No. 6; January 31, 1906; 


Lesage, Royal... scissce es 
Levesque, Jos. N........ 


Macbeth) Oo Wee: as. ee 
Wlacdonald, Re Jicy hes ee 
Macnaughten, C. E....... 


Macpherson, A......... 
Matheson, A.J... 6.0.05 


Mathewson, C.H........ 
EAI D5 BG: BY ou ose. so Shree 
1 DL ESCING CEES ie mee 


Miotiet, Weiss (6270. cnet: 


Murray iden face ee 


NI CCOGL MER sey < acs a eh 


McDougal Ae S| 5.5 00 ences 


McDougall, Alexander... . 


McLennan, A. L......... 
Rey OMG ate le 


CAMeara oP wos oe nee 
Onteran Os Gee, oes 
STE B EY Set ea) ian wd. oes 
Paremtocl: ebook et 
PALtOO Nd ides 
Pense, By Hoye. k .. 


Perreault. Peta so05 4 bee 
eters: PS it sts) oe oe 


|e SOULS RL 9 © Sa 


| CSE OSA", CO Se ee 
FROIN OGUN tlre dies. «a alaers «5 
DRDUGEES CAT Shere Cate k's 
PLODOrteon, (ike kd. . so wek 


Sabourin, A. G..........: 
hie Beth 6.2 < steie sts! crea 
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Oct. 18, 1904.. 
. (Sept. 27, 1904: . 


Sept. 27, 1904. . 
Sept. 27, 1904. . 
Sept. 27, 1904.. 


../Sept. 13, 1904. . 
Jan. 16, 1905.. 


Sept. 27, 1904. . 
Mar, 21, 1905.. 
Sept. 27, 1904.. 


May 1, 1906.. 
Feb. 23, 1905. . 
Sept. 27, 1904. . 


Sept. 27, 1904. . 


Sept. 27, 1904. . 


May 16, 1905.. 
-|Feb. 11, 1905... 


6, 1905.. 


Jan, 


Nov. 1, 1904. ./Cl 
1, 1904.. 

.. |Sept. 27, 1904. . 

-|Sept. 6,1905.. 


. (Sept. 27, 1904. . 


Oct. 


Sept. 27, 1904. . 
..|Dee. 21, 1904. . 


Mar. 20, 1905.. 


Nov. 15, 1904. . 
Sept. 27, 1904. . 
Sept. 27, 1904... 
Sept. 27, 1904. . 


Jan. 23, 1905.. 


Sept. 27, 1904. . 


Rodman on section No. 8; September 1, 1905, trans- 
ferred to section No, 4A.; January 31, 1906, trans- 
ferred to office staff; May 31, 1907, transferred to 
ATaAttin gr staieenree cs eee os Oat ae tees 

1st asst. engineer on section No. 2; December 31, 1905, 
transferred to office staff 


ee 


Supply cleric ater) Nats ie eg com ep dt ad? 
2nd asst. engineer on section No. 6; February 1, 1905, 
appointed as engineer in charge of section No. 4.; 


January 31, 1906, transferred to office staff...... 
2nd asst. engineer on section No. 1l...............--. 
BD yeh diciast yale wecnetes ey i exes, ee Oak ne a ris ©, ene 


2nd asst. engineer on section No. 7; October 1, 1905, 
transferred as 1st asst. engineer on section No, 4.; 
January 31, 1906, transferred to office staff...... 

Draftsman... ave ie kes 


OUP 1a © o (©. (0) \e' 5! /6 9, eo of a. «6a © 0) e ee, 6 


Rodman on section No. 6; February 1. 1905, ‘promoted 
to act as 2nd asst. engineer; January 31, 1906, 


er 
2nd asst. engineer on section No. 4. ..............-. 
1st asst. engineer on section No. 5; March 9, 1905, 

trausterred to .sectionaNo. 4.0505 ove. Poe ha we 
Asst. engineer in charge of test boring party No. 2: 


SO PUES 140 S$) Se ore! 6 yb _/8) Se havial wee! Clie. ey 6 'el.e se hee)" eri9) 6) ai aie’ 's), ore eues 


CO. 0.6 0 8 Shee” 4.ls © me + es 


river; 
August 4, 1907, rejoined office staff.............. 
asst. engineer on section No. 4.; January 31, 
1906, transferred to office staff; June 1, 1907, 
promoted to be Ist asst. engineer............... 
Clore cht Me Sos Panes eee ee ANN Necemee Cats yess 5 aly) 
Engineer for Ottawa district; member of survey board. 
papinecr im-charee of section oS... oo6.on ees ee 
2n 


2nd 


@) ©) S70! 0) 016.0 0.6 0. # 


Jan. 19, 1906 


June 30, 1908 
June 30, 1907 
Sept. 12, 1905 


Jan. 18. 1908 
May 31, 1907 


<2 Da ge Peer e: iim whe a 


Se Je eile (a) wip op (mires a, 


ee re ey 


Apr. 13, 1908 


Mar. 14, 1907 


May 31, 1907 


Sari te O07 
Sept. 30, 1905 


|Mar. 31, 1906 


Nov. 11, 1905 
Nov. 30, 1905 


Jan. 31, 1906 
Jan. 19, 1906 


Feb. 28, 1907 


a)'et.0 nde (0, 0, a wee a 


April 21, 1907 
Feb. 6, 1906 
Jan. 31, 1906 


promoted to act as Ist asst. engineer............| Jan. 31, 1906 


2nd asst. engineer on section No. 3; December 31, 1905, 
transferred to office staff 


OG eyo Ge wee els 6 ae. e vile w, @. 6000 


Feb, 28, 1907 
\Sept. 30, 1906 
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Date Date 
Name. of Capacity. of 
Appointment. Retirement. 
SMIibhe vices awe sisras May 1, 1906. .|Stenographer for hydraulic party.................-.- Dec. 31, 1906 
somerville; Ji M oss. <-- OctS ay 1904s.-|Secretaryxol survey, DOard a.m 1s mie ale eta eon tie eden ene cnet are 
Surveyer, Arthur.........|Sept. 27, 1904. ./1st asst. engineer on section No. 8; September 1, 1905, 


transferred to section No. 4.:\.; January 31, 1906, 

translerredsto.omice ‘staitecne ae oe ee eee 

Volionyaplioiticcnes onsets Sept. 27, 1904. .|Engineer in charge of section No. 9; October 31, 1905, 
. transferred to office staff; July 31, 1906, appointed 

as engineer in charge of astronomical party; 

November 1, 1906, rejoined office staff; July 1, 

1907, again in charge of astronomical party; 


September 1, 1907, rejoined office staff.......... Aug. 31, 1908 
Woleh Jott tee wou Apr 2051905.) Recorder: for hydraulic partyces- 2 oe ene Dec. 31, 1906 
Warner, W.G...........|Sept. 27, 1904. .|1st asst. engineer on section No. 6; January 1, 1905, 
bs promoted to act as engineer in charge........... Mar. 31, 1905 
WWihiithey Ee ceiver 2k 28 Sept. 27, 1904. .|Chainman on section No. 2; February 1, 1905, pro- 


moted to act as rodman; January 1, 1906, trans- 
ferred :tovclerical stati --0 oe oe ae eee 


Since the completion of the main field work, Messrs. Matheson, Voligny, Peters, 
Perreault, Languedoc, Burgess and Davy, have been frequently detached from this 
work and commissioned to execute surveys required in connection with proposed 
dredging, &e., for the department. 


The salaries paid to the different grades of officials were as follows:— 


Clerical staff, $50 to $150 per month; draftsmen, $105 to $135 per month; engin- 
eers in charge of sections, $200 to $225 per month; 1st assistant engineers, $150 to 
$175 per month; 2nd assistant engineers, $110 to $1385 per month; rodmen, $75 to $90 
per month; chainmen, $60 to $75 per month; foremen, $2 per diem; cooks, $2 per 
diem; labourers, $1.50 per diem. 
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CHARACTERISTICS OF THE ROUTE AND PROJECT. 


The proposed Georgian Bay Ship canal is essentially a river and lake canalization 
scheme, and utilizes natural waterways which fortunately exist almost all the way, 
in practically a continuous line from Georgian Bay on Lake Huron, to Montreal, the 
most inland and most important of the Canadian ocean ports. By referring to the 
transportation map published with this report, it will be seen that a straight line 
struck through Montreal and Sault Ste. Marie has a direction almost due east and 
west, and follows closely the Ottawa river and Lake Nipissing waters, giving the most 
direct and shortest route from Lake Superior to a sea port. A glance at the map shows 
that this route, if it can be made safely navigable for large lake freighters, should be 
the natural outlet for all commerce of the west seeking transportation through Lakes 
Superior and Michigan to the nearest ocean port. 

Of the 440 miles of projected navigation betweeen Georgian Bay and Montreal, 
from 410 to 420 miles follow the course of some river or lake. 

For that part of the route from Georgian Bay to the height of land separating 
the watersheds of the Ottawa river and the Great Lakes, a distance of 81 miles, the 
Fiench and Pickerel rivers and Lake N ipissing are utilized. From Lake Nipissing, 
through the height of land, for a distance of 34 miles, the route is an artificial water- 
way, with the exception of a few small lakes through which it is located. 

This artificial cut leads into Trout lake, thence into Turtle lake, the Little Mattawan 
river and Talon lake, which is utilized as far as Sand bay at its eastern end, a distance 
altogether of 21 miles. Trout and Talon lakes referred to above are very deep and 
fairly large bodies of water. 

From Sand bay there is a canal for 3 miles to the Mattawa river, which is utilized 
as far as the town of Mattawa, a distance of 13 miles, where another canal cut 3 
mile in length makes an entrance into the Ottawa river. 

This river, which expands into large and deep lakes in many places, is followed 
all the way down to the foot of Lake of Two Mountains, a distance of 293 miles. 

From the foot of Lake of Two Mountains to Montreal, a distance of 25 miles, 
either the St. Lawrence river or a branch of the Ottawa river, called Riviére des 
Prairies, flowing north of the island of Montreal, May be utilized. The former route 
has 5 miles of artificial waterway, and the latter about 11 miles. 

By the first route, the canal enters Montreal harbour at its upper end. By the 
second route, the St. Lawrence ship channel is jcined at Bout de l’Ile, some 11 miles 
below the eastern boundary of Montreal harbour, or 17 miles below the city Custom- 
house. 

For the whole route the aggregate length of purely artificial waterways is aston- 
ishingly small, being estimated at 28 miles. 

Apart from that, with the scheme shown on plans, about 80 miles of lake and 
river beds are required to be improved by dredging or excavation, leaving 332 miles 
of natural waterways wider than 300 feet, and over 22 feet in depth, not requiring any 
improvement. 


CHARACTER OF THE OTTAWA River. 


The Ottawa river has a basin of 56,043 square miles. From its source, 
which is almost directly north of the city of Ottawa, at the height of land which 
marks the commencement of the slope to Hudson Bay, to its junction with the St. 
Lawrence river, is a distance of’about 750 miles. To the west and south of the basin 
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is the divide which separates the waters draining into the Great Lakes and the St. 
Lawrence. 

On map No. 3 is shown the entire drainage basin of the Ottawa, with the respec- 
tive areas of the sub-basins of each tributary. A detailed list of all the tributaries 
with their watershed area is also given in the report relating to the question of storage 
and control of flood waters. 

Of the total area of the basin, about four-fifths is drained by the northern tribu- 
taries, and one-fifth by the tributaries lying south of the river. 

The most important of the tributaries emptying into that portion of the river 
utilized for the waterway below Mattawa are on the north side: the Maganasibi, the 
DuMoine, the Black, the Coulonge, the Gatineau, the Liévre, the Rouge and the Du 
Nord; to the south are the Petawawa, the Bonnechére, the Madawaska, the Mississippi, 
the Rideau and the Nation. 

Above Mattawa are the Montreal and Kippewa rivers. 

The river is generally a series of deep and wide basins connected by restricted 
parts, which are broken up by falls and heavy rapids. 

Some of the many large lakes in the upper reaches, which drain into Lake Temis- 
caming, itself an enlargement of the Ottawa river, are the Expanse, Quinze and 
Grand Lake Victoria. 

The northern part of the Ottawa valley is remarkable for the great number of 
its lakes, offering great possibilities for storage of water. Tt is rich in timber, and 
every year very large quantities of logs are floated down to the mills at different points. 
The population in the upper part is small, and agriculture has not yet been largely 
developed. Minerals seem to be abundant and distributed over a large area. 

The discharge of the Ottawa varies largely, but there are no sudden variations, 
and the freshets come only once a year, always at about the same time. It may be 
said that, in general, the lowest stages occur in September, October, and often con- 
tinue throughout the winter months, and the highest stages late in May and June, on 
eceount of the late spring at the head-waters. 


The record high water is held by the rise in the year 1876, which reached almost 
98 feet above the low water record of 1846—at the Rideau lock gauges at Ottawa. 
The corresponding fluctuations of flow and water level at other points vary according 
to the location and character of the river, and are given in a table accompanying the 
report in connection with storage. . 

Generally, excepting in 1876, the high waters of the south tributaries are past 
before the flood of the north tributaries begin, and the maximum of the two occur 
while the south are receding from their maximum and the north are approaching theirs. 

The extreme high water discharge is stated to have been over 800,000 cubic feet 
per second at its outlet during the spring of 1876. 

The extreme low water discharge may be as low as 20,000 cubic feet per second, 
showing a relation between the low and extreme flow of 1 to 15. 

The low water fall from the head-waters of the Ottawa to Mattawa is about 600 
feet and from Mattawa to the St. Lawrence at Montreal about 465 feet, occurring in 
rapids of various lengths and in sudden falls at many places. 

The geological formations along the canal route from Mattawa down to Des 
Joachims are mostly granite and gneiss, but the river runs in some places through 
elacial drift deposits of apparently great depth. For the portion between Des Joachims 
and Chats falls the rocks are for the most part crystalline with considerable areas of 
crystalline limestone and occasional outliers of sedimentary rock in the near vicinity. 
Between the Chats and Montreal, the rock is mostly of a sedimentary character, 
composed of sandstone, limestone and shale. 

It is stated by geologists, that it appears from the great depth found in this river 
at some points and from the occurrence of the sedimentary formations at so many 
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places in the bed of the stream that the old valley of the Ottawa represents a period 
of great erosion, since the channel was evidently excavated before the deposition of 
the sedimentary rocks from the Potsdam up. 

Between Des Joachims rapids and the mouth of the Ottawa, several changes of 
level have taken place in past ages. This is indicated by the presence of terraces of 
sand and clay, and of old river channels which have since been filled up by drift 
deposits forcing the river to make new channels for the Ottawa waters. 

It is believed that, at one time, a very much larger discharge flowed through the 
Ottawa valley, and the bed of the river is generally of larger proportionate area than 
many later rivers. 

For this reason, the floods are generally kept well within its banks, and during 
the present period at any rate there is very little erosion, excepting in some alluvial 
parts of the river, for instance, below the Gatineau, where extensive low alluvial 
deposits exist, extending in a long belt of varying width between the present course 
of the river and the major well defined:banks of the former stream. 

The country below Ottawa for some miles along the north shore is rich in min- 
erals. Important deposits of mica, apatite, graphite, &c., are found. Iron also occurs 
at several places and has been mined to some extent. Large quarries are worked with 
profit at many places. 

Interesting and valuable information is given in regard to the geology along the 
proposed canal route, in a report by Mr. R. W. Ells of the Geological Department, 
supplemented by Elfric Drew Ingall, mining engineer of the Geological Survey, 
in regard to mineral deposits. These reports were obtained through the courtesy of 
Mr. A. P. Low, deputy minister of the Geological Survey, and are published in 
Appendix S. . 

The Ottawa river is navigated from Ottawa down to the St. Lawrence river, 
canals and locks having been built to overcome the Grenville, Carillon and St. Anne 
rapids. 

The draft available through these canals is about seven feet at extreme low water: 

In 1907 the total freight passed through the Ottawa river canals amounted to 
337,850 tons. Of this 218,000 tons consisted of lumber in various forms. 

Through navigation is interrupted by the Chaudiére falls at Ottawa, but above 
several stretches are navigable. These are the Deschenes lake, the Chats lake, the 

. Coulonge lake, the Lower Allumette lake, and the stretch between Pembroke and Des 
Joachims. The boats used are of shallow draft and engaged in towing logs only, with 
the exception of a few which carry passengers. 

. Barge navigation exists on a large scale below Ottawa. From 200 to 350 barges 
come up every year to carry lumber from points on the Ottawa river to Montreal, 
Quebec, Lake Champlain and other points. The capacity of these barges is 

-about 300 tons. They carry from 30 to 50 millions feet of lumber annually, and they 
deliver from 6,000 to 10,000 tons of coal to points on the Ottawa per season. 


CHARACTER OF THE MATTAWA RIVER. 


The Mattawa river rises in that chain of lakes existing at the divide between the 
Ottawa and Lake Nipissing slopes, which are known as Talon, Turtle and Trout lakes. 
From the foot of Talon lake, where the water drops 43 feet in a narrow gorge through 
high granite cliffs, to the junction of the Mattawa with the Ottawa is a distance of 
about 15 miles; including the lakes forming the source of the river, the distance is 32 
miles. With its tributaries it drains an area of 880 square miles, which has a very 
small population. The main tributary is the Amable du Fond which empties below 
Talon and Paresseux falls. ; 

The extreme high water discharge is estimated at 4,000 cubic feet per second 
at the mouth, and the extreme low discharge 250 cubic feet per second, having a flood 
range of about 8 feet. 
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The total fall between Trout lake and the Ottawa is 180 feet, most of which 
occurs between Trout and Talon lakes, at the foot of Talon lake and at the Paresseux 
talls. 

Below Talon chute, the river is generally restricted between rocky walls, the only 
remarkable expansion on its course being Plain Chant lake with a length of about 54 
miles. 


The high stage of the river is generally during the month of May, and the low 
stage in August, September and October. 

Along the Mattawa the rocks are chiefly granite and granite-gneiss. A small out- 
crop of crystalline limestone is seen near the foot of Talon lake, which has been used 
for lime-burning to some extent. 

There is no navigation on the river, but the stream and its tributaries are exten- 
sively used by lumber interests for the floating of logs down to the Ottawa river. 

A timber dam exists in the lower part of the river, which furnishes power for 
lighting the town of Mattawa. Only one bridge spans the river, at Mattawa. ~ 


At the head-waters of the main tributaries several lumbermen’s dams exist which 
are used to store water for log-driving purposes. 


CHARACTER OF THE FRENCH RIVER. 


The French river and tributaries have a basin of about 907 square miles, and 
the extreme high water discharge is estimated to be between 12,000 to 14,000 cubic 
feet per second at.the mouth, and the extreme low discharge about 3,000 cubic feet 
per second. 

The low water fall is 62 feet from Lake Nipissing to Georgian Bay where it 
empties, a distance of 63 miles. The flood range on the river varies from 8 to 10 feet. 

The river flows entirely through a rock formation of the granite-gneiss variety, 
and on its course receives the waters of several tributaries, the most important being 
the Pickerel, Wolsey, Wahnapitae and Restoul.° For the first 12 miles of its course, 
or from a point called Frank’s bay to the Chaudiére falls, the river may be taken as 
an arm of Lake Nipissing, and is often called the southwest arm of that lake. 

In this part it has an average width of one-half mile, contracted at many points 
by numerous rocky islands, and a depth of 40 feet and over. Chaudiere island divides 
the river into two branches, called the North and Main branches. | 

The first break occurs there, where the river takes a plunge of 25 feet, the other 
main breaks below being the Five Mile rapids, the Recollect fall, and the Dalles rapids, 
near French Village harbour, on Georgian Bay. From its source on Lake Nipissing 
to Georgian Bay, where it empties by three main branches, called the Western, Middle 
and Eastern outlets, the river passes through a rocky and barren country, and its 
course is a succession of wide and deep expansions and narrows between high granite 
walls, with many sharp bends. 

In one of these expansions, called Ox lake, about 13 miles up the river, the Pick- 
erel river empties, after a course parallel to that of the French, from Cantin’s island 
down, a distance of 74 miles. 

At Cantin’s island, which really forms a barrier to the whole flow of the French 
from falling into the Pickerel, two small streams find their way westward. 

The possibility of using the Pickerel for the proposed waterway for that part 
which is parallel to the French river has been considered, and the result is detailed 
in Mr. S. J. Chapleau’s report. 

Lake Nipissing, which forms the head of the French river, is a large body of uni- 
formly shallow water, having an area of about 320 square miles and draining a basin 
of 4.077 square miles. 
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The shores in many places are very low, and it cannot be maintained much above 
high water level without flooding valuable property and a considerable area of low lands. 

The rocks generally around the lake are granitic, with the exception of small out- 
liers of Black River limestone, holding fossils, which are found on several of the 
Manitou group of islands. Small outcrops of crystalline limestone are also seen. 

The extreme fluctuation of the lake is about 8 feet, and no difficulty is anticipated 
in regulating its level at any elevation near its high water stage. 

At the outlet of the French river is French Village harbour. This harbour is 
formed by one of the several indentations peculiar to the rocky formation of the 
Georgian Bay coast line. It hasan average width of 500 feet, with a depth of about 
30 feet of water, excepting at some points where there are islands or pinnacles of 
rock which will require to be removed for large navigation. 

The inner end of the harbour receives the discharge of the Middle branch of the 
French river, which has been selected as the most favourahle for the proposed waterway. 

Outside, the Bustard islands, about three miles distant from the mouth of the 
harbour, offer good protection against southerly winds, which have full sweep of the 
lake and bay. 

The channel from outside the Bustard islands to the harbour, although passing 
near several reefs and rocky shoals, is well defined by range lights on the islands, and 
at the mouth of the harbour itself. It is recommended, however, that this part of the 
Georgian Bay be closely surveyed and swept by the Hydrographic corps of the Marine 
and Fisheries Department, as the approaches may require further improvements. 

The Georgian Bay is remarkably free from fog, the average, from United States 
charts of 1901 and 1902 being not over 4 days in any month. 


GENERAL DESCRIPTION OF PROJECT. 


The question of the proposed new transportation route being a matter of national 
importance, it was determined from the inception of the survey, that the investigation 
should be so broad in its scope that no doubt could exist as to the practicability of 
the waterway for large navigation, the value of the final projected location, the dis- 
tribution and design of the governing structures, and the estimated cost. 

The data collected, therefore, was such as to permit of a canal project being 
developed that would allow the navigation of the largest lake steamers in the carrying 
trade. The tendency in regard to the lake freighter construction is to increase the 
length and beam, the draft being practically fixed and limited to 19 and 20feet. This 
condition of a fixed limited draft is imposed by the limit of depth through the sub- 
merged artificial channels connecting the Great Lakes; the St. Mary’s river, St. Clair 
river, Lake St. Clair and the Detroit river. The depth varies between 20 and 22 feet, 
and these conditions are likely to prevail. 

Full information and discussion regarding these channels will be found in Appen- 
dix- PR: 

The depth on the sills and in the reaches of the proposed waterway was fixed at 
a minimum of 22 feet. 

In fixing the dimensions of the lock chambers, the size of the largest lake freight- 
ers now building was considered, with the result that the locks estimated for, are 650 
fee{ in length, and 65 feet in width, thus allowing for.a reasonable increase in the size 
of boats. 

In regard to width of channels, this was determined to be at least 300 feet in 
submerged cuts, and a minimum of 200 feet in canal cuts. 

The navigation scheme is connected intimately with a proposed storage system to 
control the flood waters of the Ottawa river, and to increase the low flow, this being 
considered advisable in the interests of navigation and industries depending on water- 
powers. 

These questions are discussed fully, further in the report. 
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The project was therefore based on the above-mentioned governing features. 

Starting from Montreal two routes are available: The front or Lake St. Louis 
route, and the Back River or Riviére des Prairies route. 

By the first route, from Montreal to Georgian Bay, 23 ponds or levels are created 
varying in length from 1 to 60 miles, and connected by 27 locks of various lifts, to 
overcome the difference in level, flights of two locks being used at three different points. 

By the Riviére des Prairies route, the distance from the lower end of Montreal 
harbour to Georgian Bay is about 20 miles longer, but the project as designed shows 
22 ponds requiring 26 locks. — 

Further as it will be possible to create an extension of the harbour, back of the 
city of Montreal where splendid facilities for terminals exist, the distance in this 
case would be about the same as by the Lake St. Louis route. 


Considering the Lake St. Louis line first:— 


MoNTREAL REACH. 


The first pool formed above the level of that of the harbour of Montreal is effected 
by building a lock and cross wall at the lower end of Windmill Point basin, between 
Mackay embankment and Bickerdike pier. The Verdun dike is raised and strength- 
ened and a small bay between Nun’s island and the dike is closed by an embank- 
ment about four miles in length, extending up in prolongation of the Mackay pier from 
Victoria bridge to Nun’s island and to opposite Verdun hospital, forming a pond 
generally over 22 feet in depth, where boats may go at full speed and where space will 
be available for docks, &e. 

This pool will be controlled and kept permanently at about flood level, or at 
elevation +52 above mean sea level. Taking the low water level in the harbour at 
elevation +18, a step of 34 feet is thereby created. 

A double track railway bascule bridge of improved type is provided, over the 
canal at the approach to the Victoria bridge, and the highway traffic will be served 
aiso by bascule bridges on each side of the railway bridge. 

It is provided that the culvert beneath the Mackay pier will be enlarged and 
altered to form a regulation culvert for the basin. 

The raised water level projected interferes to some extent with that part of the 
Montreal city waterworks which operate during summer time by water- -power, and also 
with the Water and Power Company’s works. 

The drainage of Verdun and that brought down the old river St. Pierre is also 
affected. 

These difficulties are fortunately overcome as explained in Mr. Coutlee’s detailed 
report. 

The total length of the pool level is 4:82 miles. 

In relation to width, the channels with a depth of water of 22 feet and over may 
be classified as follows :— 
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Approximate time to navigate, Seas 45 minutes delay at lock, 14 hours. 


Estimated cost, adding 10 per cent for engineering and contingencies, $4,244,827. 
See Plates 4 and 39. 


Laxe St. Louis Reacu. 


The Verdun lock, forming the foot of this reach, has a lift of about 18 feet, which, 
however, will vary with the level of Lake St. Louis, which is not controlled. Eyaiy 
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- this reach consists of a canal cut 3 miles long, then an embankment canal along the 
shore two miles up to Lachine, then 15 miles through the north part of Lake St. Louis 
to Ste. Anne de Bellevue. 

Some intake pipes are disturbed by the proposed canal, but in every case provi- 
sion is made for their extension farther out into the river and into deeper water, 
ensuring improved quality of water. 

A sluiceway is provided at the Verdun lock to regulate the supply of water into 
the basin below. 

As the reach is crossed by the Canadian Pacific railway below Lachine, a double- 
track bascule bridge is provided, giving a clear passage of 160 feet between abutments. 

Lake St. Louis fluctuates between elevations 66 and 72, and very heavy rock 
excavation is required to give a depth of 22 feet below low water level. 

Two quarter bends occur in this reach, one at mile 8 and one just below Ste. Anne 
de Bellevue, which, however, is in deep water with good width. 

The Lachine canal navigation will not be interfered with. 

The total length of the reach is 19-81 miles. 


Length of channels 22 feet deep and over of various widths are as follows:— 


miles. 
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Approximate time to navigate, including passage at lock, 34 hours. 
Estimated cost of reach, $13,808,239. 
See Plates 4 and 39. . 


Oxa Reacu (Lake or Two Movuntarys). 


The step to this reach is made at Ste. Anne de Bellevue, by a lock which will vary 
in lift from 5 to 9 feet. The reach extends to Pointe Fortune, mile 24 to mile 49, and 
it is intended to maintain it at ordinary high water level or at elevation 75. All the 
structures, however, are designed of sufficient height to allow of a 4-foot rise over 
this level, or to elevation 79. Five outlets have to be controlled: these are at Vau- 
dreuil, Ste. Anne de Bellevue, Cap 4 Orme, the Lallemand and St. Eustache, where 
regulating sluices are provided to govern the outflow. 

At Ste. Anne lock, double-track bascule bridges are provided for the crossing of 
the Grand Trunk and Canadian Pacific railways. 

The total length of this pool level is 24-61 miles. 


The channels, according to width, may be subdivided as follows -— 


Miles. 
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Approximate time to navigate, including 45 minutes for lockage, 3 hours. 
Estimated cost of reach, $2,567,365. 
See Plates 4, 5 and 40. 
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Ag Pointe Fortune lock is common to both routes mentioned at the beginning, — 
a brief description of the Riviére des Prairies alternative project will be given here, 
before passing to the reaches above. 


Riviere Des Prarries LINE. 


St. Lawrence ship channel to Prairies lock. 

The first lock on this line is located opposite Riviére des Prairies village, 5 miles 
up the river above Bout de VIle. The channel leading to it leaves the Montreal- 
Quebec St. Lawrence ship channel near Varennes, about 17 miles below the Mone 
city Custom-house. 

The channel is designed to allow of either up or eons bound traffic ft the ship 
channel entering the Ottawa. 

The water surface of the St. Lawrence at Bout de l’Ile is at elevation 16, which 
continues to the Prairies lock, where a lift of 24 feet is made. Considerable excava- 
tion is required in the approach to the lock. The line passes through Ile Bourdon, 
and at this point the Chateauguay and Northern railway is crossed, and a double-track 
bascule bridge has been estimated for. 

The St. Eustache branch or Mille Ile river empties into this level. 


Prairies RRacw. 


The surface of this reach is established and controlled at elevation 40. 

A rock-fill dam is placed between the lock and the south shore, provided with 
stop-log sluiceways of sufficient capacity to pass the regulated flow with an excess of 
25 per cent. 

Heavy rock excavation is required at Some points to enlarge the bed of the river, 
in order to pass the flow without excessive currents. 

Some property will be damaged by flooding. This is covered in the estimate of 
cost. Oost, including approaches to Prairies lock, $6,267,580. 

See Plates 4a and 38. 


REcOLLET REACH. 


The lock at Sault au Récollet provides for a lift of 35 feet, from elevation 40 to 
elevation 75, the regulated level of Lake of Two mountains, which is common to the 
front and Back river routes. 

Above the lock—mile 17 to mile 28—is 11 miles of continuous canal cut, and 
where embankments are required, these have been designed 5 feet above the raised 
level of Lake of Two Mountains, to obviate any danger of overflow from the piling 
action of the water toward the lower end of the canal during heavy westerly winds. 

Near the head of the canal a large area of sluiceways is provided, which will dis- 
charge overflow water directly into the river channel below, acting as safety valves 
against any rush of rising water in the canal cut. 

Above the canal, the channel towards Oka village is through shallow sand flats 
which will have to be dredged for a distance of about 7 miles. 

Bascule bridges are provided at Récollet lock, at the Canadian Pacific railway 
crossing mile 19, and at Cartierville. 

A traffic roadway is also provided over the Bigras island sluices. 

In connection with this route all other outlets of the Ottawa to the St. Lawrence 
are controlled by stop-log sluiceways. 

From a common terminal at Pointe Fortune the time of transit by the Back river 
will be 8 hours to the ship channel, at the foot of Montreal island. 

The whole cost of the reach is placed at $8,554,260. 

See Plates 4a and 38. 
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Pointe Fortune REacu. 


The Pointe Fortune works are designed for a raise of 40 feet, elevation 75 to 
elevation 115. This is obtained by one lock with the usual crib approaches, 2 miles 
of canal, and a large rock-filled dam near the head of the canal at Dewar island, pro- 
vided with regulating sluices placed upon the rock surface of the island, sufficient to 
puss the whole flow of the Ottawa. 

A considerable area of farm land will be destroyed, the cost of which is covered 
by the estimate. 

For the upper 2 miles of the reach very heavy submarine rock excavation will 
be required. 

A traffic highway bridge of the bascule type is located at the lock, which gives 
access to the land north of the canal. 

Wherever required, in all reaches stone bank protection is provided for. 


Total length of reach is 10°30 miles, made up of channels of various widths, as 
follows :— 
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Approximate time to navigate, including 45 minutes delay at lock, 12 hours. 
Estimated cost, $4,246,905. 
See Plates 5 and 40. 


Ottawa REACH. 


This reach is about 60 miles in length, and extends from Hawkesbury to Ottawa. 
The Hawkesbury lock has a lift of 25 feet, the raise being from elevation 115 to eleva- 
tion 140. 

Above the lock is a river flat which is converted into a small lake by an embank- 
ment along the river shore, extending 14 miles up to the Hawkesbury mill pond. At 
the lower end a dam extends from the lock to the steep hill side. 

This reach is maintained by a dam across the river located at the head of the 
Long Sault rapids, where solid rock foundation is secured. This dam is a succession 
ot stop-log sluices. 

The large saw-mill of the Hawkesbury Lumber Company at Hawkesbury will not 
be interfered with by the raised level. 

Bascule bridges are provided for the saw-mill service and the Great Northern 
railway. 

Considerable excavation, crib-work and embankment is required immediately 
above the lock, but from this point to Ottawa, very little work is necessary. 

Although the proposed level of this reach is only the ordinary high water level, 
considerable land will be permanently flooded, which is now inundated every 
year from four to six weeks. 

A sum has been placed in the estimate for the purchase of these low lands. 

The channels 22 feet in depth and over, may be classified according to their 
width as follows :— 
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Miles. 
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Approximate time to navigate, including passege at lock, 62 hours. 
This reach is estimated to cost $6,786,849. | 
See Plates 5, 6, 7 and 41. 


Hurt Reacuw. 


The project for the Hull reach is to pass back of the City of Hull, in the valley 
of Brewery creek, thus avoiding the Chaudiére falls with its numerous power develop- 
ments and established industries. 

Two locks are designed, about one mile apart to overcome a difference in level of 
55 feet which exists between Lake Deschénes and the foot of the Chaudiére falls. 

The first Hull lock makes a rise of 28 feet, elevation 140 to 168. 

Above the lock is a basin, which is in rock cutting, with the exception of the 
upper portion crossing Brewery creek, where a bank 25 feet high on each side of 
the canal is required. A concrete culvert passes the water of Brewery creek under 
the canal. 

The existing railway lines are diverted and rearranged for a total length of 6 
miles, and a bascule bridge is located at lock No. 1 to pass the Canadian Pacific rail- 
way lines. 

Estimated cost of reach, $2,556,153. 

See Plates 7 and 42. 


AYLMER ReacH (LAKE DESCHENES). 


This reach has a total length of nearly 34 miles, and the rise created by Hull lock 
No. 2 is 27 feet, elevation 168 to elevation 195. The lock is situated near the railway 
station. To the south of the lock is a regulating culvert, which will supply water to 
the reach below. 

Above the lock is a canal nearly a mile long, which makes an entrance into the 
river just above the Prince of Wales railway bridge. 

Close to the end of this canal is located the Chaudiére dam, which is designed 
to be a huge rock-fill stretching across the river to Merrill island, and thence, follow- 
ing a chain of islands, to Mechanicsville. Sluices of the stop-log type of sufficient 
capacity are provided to pass the regulated flow of the river. 

The raised level will obliterate the Deschénes rapids, the Remicks and the Little 
Chaudiére, but the head-races of the Chaudiére powers will be maintained at practic- 
ally constant level throughout the season. 

Heavy excavation is required at Deschénes rapids, at mile 149, and in the approach 
channel to the next lock above. At Deschénes rapids the channel is excavated 500 feet 
wide, to enlarge the sectional area of the river, in order to pass the June flow at a 
speed which will not interfere with navigation. 

A bascule bridge is placed at Hull lock No. 2 to pass the highway traffic, and for 
the use of the electric railway. 

The project necessitates the flooding of considerable land ; some powers are 
destroyed, and in some parts the public roads, the steam and electric railway tracks 
on both sides of the river are covered by the raised water. Provision is made for the 


GEORGIAN BAY SHIP CANAL SURVEY 45 
SESSIONAL PAPER No. 19a 


rebuilding of these tracks on higher ground, and the damages are included in the 
estimate. Extension of the Ottawa city waterworks intake beyond the proposed dam 
is also included in the project. 

It may be necessary, if the canal is built, to place a small lock through the south 
end of the proposed dam, in order to pass rafts of logs, or barges, to the mills below. 
But conditions may be changed when the canal is built, and it is impossible to foresee 
at the present time what will be necessary to meet the requirements of this centre of 
industry. 

The channels available are: 


Milos. 


Locks, approaches and canal cuts between locks.... .. .... 9-90 
Cliarmels1 300 to so0n tect. depth 02 feet .;.260) oe og 
: 500 to 600 feet; depth, 22 feet.. .... Si ae eo) 


(75 


1,000 feet wide and over; depth, 25 feet and over. 27-50 
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Approximate time to navigate, including 14 hours’ delay at locks, 42 hours. 
Eistimated cost of reach, $6,159,043. 
See plates 7, 8 and 42. 


ArNpRIOR ReEacH (Cuats Lake): 


The dam governing this reach is located at the head of a canal eut about 14 miles 
long, immediately above the lock situated on Egan island. This lock commands a 
rise of 50 feet, the highest lift proposed on the route, and raises the level of the canal 
from elevation 195 to elevation 245. 

This lift was adopted after the most complete investigations made by the district 
engineer, and full discussion of all questions involved. The site selected was found 
to be most favourable, as the chamber will be cut out of solid rock, and lined with 
concrete, requiring only about 10 feet in height of wall to be built, above the surface 
of the rock. 

As to the question of gates for such high lifts, very large steel gates are actually 
in use under very severe stresses, and the exhaustive investigation made by Mr. 
Henry Goldmark, O.E., showed clearly that for these large rises, steel gates are quite 
’ safe and of very simple operation. 

Mr. Goldmark was consulted in this regard, and has designed steel gates for the 
project. 

He was also commissioned by the Panama canal authoritites to design gates 74 
feet high and for a width of lock much superior to the case under consideration, viz., 
110 feet. 

Under the conditions above mentioned, I fully concur with the district engineer 
in recommending the adoption of a 50-foot lift, instead of two locks in flight. 

Above the lock heavy excavations and embankments are required. 

The dam is of the rock-fill type, and sluices for regulation are placed on rock 
foundations, on two islands near the south shore. . 

No great damage from flooding occurs in this reach, as Chats lake is held at ordi- 
nary high water level. Considerable land, however, of little value will be rendered 
useless at Norway bay, as well as at Black bay and at the mouth of the Bonnechére 
river. ; 

This level has a total length of 19-71 miles, and the channels available, 22 feet 
in depth and over are as follows :— 
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miles. 
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51,000 es and over; depth, 25 feet and over.. 15-55 
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Approximate time to navigate, including 45 minutes for lockage, 92 hours. 
Estimated cost, $3,020,269. 
See Plates 8, 9 and 48. 


PortaGe pu Fort ReEacu. 


The works for this reach consist of a lock located in one of the Chenaux islands, 
with a lift of 35 feet, elevation 245 to elevation 280: a rock-fill dam across the steam- 
boat channel to the south of the lock, and to the north extending across the islands 
to the head of Elliot island, and then across the north channel; of regulation works 
in prolongation of the dam, and located upon the flat rock top forming the north shore, 
and where an off-take channel is excavated. 

The length of the reach is about 13 miles, and heavy rock excavation is required 
at many points. 

At Portage du Fort there is a highway bridge; it is proposed to remove the 
middle span and replace it by a bridge of the bascule type. 

Some land will be flooded at the lower end of Portage du Fort village and around 
the shore of Limerick island. 

Several sharp bends in the alignment cannot be avoided. 

The width of channels is very irregular: 


Miles. 

Lock and, approaches yc 5.-00 iss ag Sueno Meee ee ee 
Ghannels: 300 featiwide sc) ashi, aio Serle Rate ieee tore et 
a 300 to 600 feet; depth, 22 to 80 feet and over.. 2-15 

re 600 to 1,000 feet; depth, 22 to 30 feet and over... .. 4:60 


“ 1,000 feet and over; depth, 22 to 30 feet and over... 4-50 


otal aa ts ; : ee eae ee 
Approximate time to Pe eis Reding Hin ne tee 94 hours. 
Estimated cost, $2,235,516. 
See Plates 9 and 43. 


Rocuer Fenpu Reacu. 


This is a short reach, about three miles in length, 35 feet higher than the one just 
described. Rocher Fendu lock No. 1 is located on the north side of the river, at Flat 
rapids, on a ledge of rock. The dam governing the reach stretches from the lock 
diagonally across the river, and regulation sluices are placed upon a rock point which 
forms the south shore buttress of the rock-fill dam. 

wiles. 


Lock and approaches.. .. . 5 AMS REL on CEASE talc 55, 6 Cerri re 
Channels 350 to 500 feet wien Gea mess Teed bem ere esr Yt BA is 
“Co AL OOOMTBSL wide. s *S 47) Shwe Ee, 4 2 09s ee a es 
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Approximate time to Pee 44 hours. 
Estimated cost, $1,630,026. 
See Plates 9 and 44. 
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The raise to this reach ig 35 feet, elevation 315 to elevation 350, which is about 
the flood level of Coulonge lake, and the distance between the locks is 19 miles. 

The lock is designated under the name of Rocher Fendu No. 2 and is located at 
mile 190 in a projecting rock point of the north shore, where a suitable depression for 
a lock site exists. : 

The dam maintaining the proposed level is a rock-fill, which crosses the depression 
alongside the lock, and passing over the higher part of the point, crosses the north 
channel of the river to Lafontaine island. 

The channel north of this island is closed by a similar rock-fill dam. 

Considerable excavation in solid rock, sand, gravel and boulders is required to 
give the channels a sufficient depth. 

The necessary regulation sluices are placed on a high flat rock across the gully 
from the lock, the rock surface being just about the proper height. 

There are several bends in the alignment of the canal. 

The raised water will cause very little damage. 

Regulation works are necessary in the north channel at the Calumet falls below 
Bryson. This channel has been carefully examined, as a possible alternative route, 
and a project designed for comparative estimates. This route is described in the 
detailed report of the Montreal and Ottawa district engineer under the heading of 
Alternative Routes. 

The total length of Coulonge Lake level is 19 miles. The channels according to. 
width may be subdivided as follows:-— 


Miles. 
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Approximate time to navigate, including lockage, 3 hours. 
Estimated cost of reach, $4,334,461. 
See Plates 9, 10 and 44. 


PEMBROKE REACH. 


This level extends from mile 209 to mile 265, a distance of 56 miles, past Pem- 
broke, Petawawa and through Deep river to Des Joachims. It is formed by raising 
Lower Allumette lake to the level of the upper lake, or to elevation 370. The lift of 
the lock is 20 feet. It is located at Paquette rapids and the level is maintained by the 
ordinary rock-fill dam and the stop-log type of regulation works. 

The dam extends across the foot of F itzpatrick island, where the regulation works 
are situated and across Reid island. 

On account of the doubtful quality of the limestone rock forming the founda- 
tion of the Paquette lock, alternative routes and sites have been investigated which 
are detailed in the district enginecer’s report. 

At the Allumette rapids, conditions are such that the enlargement of the section 
of the river is necessary to pass the flow without currents injurious to navigation. 
This is obtained by widening the shipway from 300 to 600 feet. 

To the north of Allumette island is the Culbute channel, in which a timber dam 
and lock was constructed in 1877. These works will be removed and replaced by 
regulation sluices to govern the Pembroke reach. 

The Culbute channel has also been investigated as a possible route for the water- 
way, and an estimate based on a project which is detailed elsewhere. 
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In the event of construction, it will be advisable to further consider the advan- 
tages of the Culbute channel route as compared with the Pembroke channel. 

No great damage is done by the raised level which is that, of ordinary high water, 
above Pembroke. 

Submarine and dry rock excavation is necessary at many points. 

The channels 22 feet in depth and over, on this section may be classified as follows 
in relation to their various widths :— 
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Approximate time to navigate, including 45 minutes delay at lock, 64 hours. 
Estimated cost of reach, $4,840,099. 
See Plates 10, 11 and 45. 


Des JOACHIMS REACH. 


The lock and all structures at Des Joachims are designed for a lift of 40 feet, 
raising the ievel from elevation 370 to 410. The lock is located in a bluff rock point 
opposite the village, and is cut for about two-thirds of its depth in solid rock. 

Over the lock is placed a bascule highway bridge to accommodate traffic at that 
point, and over the rock-fill dam across the river a roadway is provided for. 

Regulation is obtained by stop-log sluices, for which solid rock foundation is. 
secured. 

There is considerable rock excavation at different points. Very little damage 
is done by the raised water level. 

To avoid the Des Joachims rapids an old pass of the river north of the village, 
called the McConnell Lake pass, was investigated and quantities taken for a possible 
channel. No advantage being secured, it was abandoned. 

The length of this level is 18:20 miles with the following available channels 22 
feet deep and over. 
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Approximate time to navigate, including passage at lock, 3 hours. 
This reach is estimated to cost $2,998,141. 
See Plates 12 and 45. 


RocHER CAPITAINE REACH. 


This reach extends from the Rocher Capitaine rapids to the Deux Riviéres rapids 
a distance of 12°65 miles, and the difference in level of 60 feet between the lower 
and upper pools is overcome by a flight of two locks, each having a lift of 30 feet. 

The locks are placed at the lower end of a cutting through the spur of the hills 
to the north of the rapids, and dams and regulating works at the head of the rapids 
maintain the river level at the proposed elevation of 470. 
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A cut 250 feet bottom width, 12 miles long joins the upper end of these locks 
with the river above. 

Solid rock foundation is secured for the locks. 

Two dams are designed to maintain the upper pool level, one across the main 
channel and one across the branch at the upper end of the Rocher Capitaine island. 
They are of the rock-fill type. 

Regulating sluices of the ‘Stoney’ type running from the north end of the river 
dam are proposed to govern the flow. They will close openings 20 feet deep by 40 
feet wide between concrete piers and are designed to pass 40 per cent in excess of the 
maximum regulated flood discharge. Running from the north end of the regulating 
sluices to the raised water contour is a concrete dam having an average height of 20 
feet. } 

This reach is wide and deep, and no excavation is required in the river channels; 
several bends occur but they are of easy curvature. 

No damages are caused through raising the water surface. 


The width of channels in this level which are mostly over 30 feet in depth, are as 
follows :— 
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Approximate time to navigate, including 1¢ hours for passage at locks 24 hours. 
The works connected with this level will cost about $4,309,690. 
See Plates 12 and 46. 


Deux Rivigres Reacu. 


The next step is made at the Deux Riviéres rapids, where the river is raised 30 
feet above the pool below,—elevation 470 to elevation 500. This will give navigation 
through to the town of Mattawa, a distance of 20 miles. 

Two projects were investigated for the lock location and the controlling works. 
In the project selected the canal line enters the south shore below the Deux Riviares 
rapids, where the lock is located. 

A rock-fill dam is thrown across the river in line with the lower end of the lock, 
and between the lock and the dam are the regulating sluices of the ‘ Stoney’ type, 
the openings being 30 feet deep by 40 feet wide. The lower entrance crib on the north 
side of the lock will extend for some distance below to deflect the current from the 
sluices. The lock rests on rock foundation. Above the lock is a canal cut about 14 
miles long, and 250 feet wide with an embankment on the river side. A concrete core 
wall from the upper entrance of the lock on the south side extends to the limit of 
flooded area. 

In this reach considerable land will be flooded, and the amount of damage has 
been provided for in the estimate. The raised water will necessitate a new location 
for the main line of the Canadian Pacific railway from Deux Riviéres station to a 
point at or about Klock station, a distance of approximately 6} miles. A relocation 
has been provided for. 

This reach contains few bends, all of easy curvature. A small amount of channel 
excavation is necessary at different points. 
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Approximate time to navigate, including 45 minutes for lockage, 3 hours. 
Estimated cost, $2,717,463. 
See Plates 13 and 46. 


Marrawa Reacn. 


At the town of Mattawa, the line of the waterway leaves the Ottawa to follow the 
valley of the Mattawa river, and pass through the Summit lakes forming its source. 

The adopted line, after the consideration of several projects, for the Mattawa 
reach, leaves the Ottawa river at the foot of Johnson’s rapids and passes along a 
natural depression behind the town of Mattawa into the Mattawa river one-half mile 
above its mouth. 

The lock, which will have a lift of 10 feet, is located just inshore from the Ottawa 
river. Conditions were found to be such that a relatively low lift had to be considered 
at that location. At the lock site the material is cemented gravel and boulders, and 
the depth to rock could not be ascertained positively on account of the difficulties 
encountered in making the bore holes. Rock surface, however, was met with in the 
vicinity at no great depth. . 

The pool will be maintained by a solid concrete dam of the overflow type, thrown 
across the Mattawa river about 2,000 feet from its mouth. 

A small quantity of mud will have to be excavated in the river to obtain grade. 

Damage to property is confined to a few dwellings in Mattawa. The right of way 
within the town limits for the canal and lock will necessitate the purchase of con- 
siderable property, all of which has been included in the estimate. 

To meet railway requirements, two bascule single-leaf bridges are provided for. 

The length of this level is only 2-20 miles: 
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Approximate time to navigate, including lockage, 1 hour. 
Estimated cost of reach, $1,656,077. 
See Plates 13 and 47. 


Pruain Cuant Reacn. 


At the head of the Mattawa reach, 1? miles above the town, is Plain Chant chute, 
the outlet of an expansion of the Mattawa above, called Plain Chant lake. 

The gorge forming the outlet is the selected site for the dam controlling the next 
reach, which is designed to stand 30 feet above the Mattawa pool, the water surface 
being raised from elevation 510 to elevation 540. 

The lock is situated in the side hill of the north shore. The dam, which is of con- 
crete and of the overflow type, spans the river from the upper end wall of the lock te 
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the south shore. A concrete cut-off dam joins the north upper wall of the lock with 
the raised water contour on that side. 

Rock foundation is secured for the lock and cut-off dam. 

For the foundation of the regulating dam across the river it is doubtful if solid 
rock can be reached, and the dam may have to be bedded in the boulder drift, which 
seems to be characteristic of all this district. 

The power necessary to operate the lock, as at many other locations, will be derived 
from a hydro-electric plant, which in this case will operate and light both the Mattawa 

~and Plain Chant locks. 

The total excavation at different places is relatively small. This reach is 6-60 
miles long, very wide at its lower end and narrowing considerably for the upper two 
miles. No valuable lands are flooded. 
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Approximate time for navigating, 45 minutes delay at lock, 14 hours. 
Estimated cost, $1,598,951. 
See Plates 13 and 47. 


Les Epines REACH. 


At the foot of this reach the works are designed to raise the water surface to 
elevation 557 or 17 feet above the Plain Chant level. This is accomplished by a con- 
crete dam of the crest overflow type, between the La Rose and Les Epines rapids, 
with a lock and approaches cut through the side hill to the north. Both the lock and 
dam will be on rock and hard pan foundation. 

Excavation will be required at a few points. The raised water will do no damage, 
excepting in the vicinity of Moore’s lake, which lies between the river and the main 
line of the Canadian Pacific railway, where considerable land of very little value will 
be flooded. 

_ This level is only 4°62 miles in length, and the widths available in channels are:— 
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Approximate time to navigate, including 45 minutes for lockage; 14 hours. 
Estimated cost, $1,517,934. 
See Plates 18, 14 and 48. 


Lower PARESSEUX AND SUMMIT REACHES. 


From the head of Les Epines reach, at the foot of the Paresseux falls, to Lake 
Talon is a distance of only 3 miles in direct line. Within this limit locks have to be 
placed in suitable locations to overcome a difference in level of 120 feet, between es 
Epines and the Summit pools, Lake Talon being raised 40 feet to meet special require- 
ments of the Summit as explained elsewhere. 
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Two alternatives were open for the project; to either follow the natural course 
of the river, or to practically cut a straight canal from the foot of the Paresseux 
falls through the divide to Talon lake, placing therein the necessary locks. 

After mature consideration, and for reasons explained in the district engineer’s 
report, the latter course was adopted as being more satisfactory for a canal of the 
intended magnitude. 

The canal, therefore, as designed, about half a mile below the Paresseux falls, 
leaves the Mattawa river, and enters the side slope of the hills where a pair of locks 
in flight of 30 foot lift each will carry the canal up from elevation 557 to elevation 
617. Above this point a natural basin exists which will form a convenient pool 
between the flight of locks just mentioned and another flight of two locks 14 miles 
above, having a similar combined lift of 60 feet. 

This brings the canal to the adopted summit level, elevation 677. 

The canal cuts to connect these levels are 250 feet in width, and in some placcs 
the excavation necessary will be at least 50 feet in depth. 

Joining the end walls of the flights of locks, short conerete cut-off dams run to 
the flooded contour on either side. 

To the east of the upper flight a series of small lakes which drain the surrounding 
hills flow into the natural basin about midway between the flights. This will be used 
to regulate the basin by means of sluice gates placed in a small dam, controlling these 
lakes. 

The locks will all be operated by hydro-electric power. 

To reach the Summit at both ends and for the Summit itself several routes were 
investigated and numerous propositions considered which are discussed in the report 
of the district engineer. 

The Summit Level extends from mileage 334 to 357-5, a distance of 23-5 miles, 
embracing Lake Talon, the Little Mattawan river, Trout and Turtle lakes. All these 
lakes are raised to elevation 677 by means of a solid concrete dam thrown across the 
outlet of Talon lake about half a mile above Talon chute. This dam will have a 
length of crest of 1,100 feet and will rest on solid rock. Ten other dams varying in 
length from 150 to 650 feet, and from 7 to 17 feet in height are necessary to close gaps 
and depressions, where the raised water would run out to Lake Nipissing. These dams 
are designed to be built of earth with puddle cores. . 

Considerable excavation is required in Turtle lake and throughout the Little 
Mattawan river and at the lower end of Trout lake. Free navigation will exist for at 
least 15 miles of the reach. 

To permit of the large summit basin thus created, acting at the same time as 
a reserve in seasons of deficient inflow, the lock sills at both ends are placed low 
enough to allow of the basin being lowered to elevation 671, without interference to 
navigation. 

Supplementary sources of water are also made tributary to the Summit as is 
shown in reports relating to the water supply investigations. 

At the upper end of Trout lake, the canal leaves the lake and passes through 
the divide which separates the summit waters from Lake Nipissing 34 miles south- 
west. 

The lock controlling the western end of the Summit reach, is located at the lower 
end of the rock outcrop which forms the divide and has a lift which will vary between 
23 and 29 feet. The canal leading to the lock is 250 feet in width, and is in very 
deep cutting for part of the way. Its location, however, takes advantage of several 
small lakes and the valleys connecting them. At a point close to Trout lake, the 
heaviest cut of the whole project occurs. It runs 70 feet in depth for about one-eighth 
of a mile, and averages 40 feet in depth for five-eighths of a mile. 

Very little damage will result from raising the summit water to elevation 677. 


A single bascule roadway bridge is located across the lower appruach walls of the 
lock. 
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The length of the Lower Paresseux level is 1-40 miles, and the width available in 
the canal cut varies from 250 to 300 feet. 
The width of channels in the Summit reach may be classified as follows :— 
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Approximate time to navigate Lower Paresseux reach and Summit reach, 7 hours. 

Estimated cost of Lower Paresseux reach, $2,77 5,449. 

Estimated cost of the Summit reach, including the flight of two locks atthe east- 
ern end, and the lock at the west end, $9,210,813. 

See Plates 14, 49 and 50. 

Nipissinc Reacu. 

This is the first reach on the Lake Huron slope, the maximum drop from the 
Summit being 29 feet—from elevation 677 to elevation 648—at which elevation it is 
proposed to control the Lake Nipissing level. 

This reach, which extends to the Chaudiére falls on the French river, a distance 
of 80 miles atfords practically free navigation for its. entire length., The project is to 
raise Lake Nipissing about 8 feet above ordinary low water level and maintain it by 
building regulating sluices and dams across its outlets. The present level 
of the lake is governed by four natural outlets, or branches of the French river. 
The largest one occurs at the upper end of the Chaudiére island, which divides 
the French river into two main branches. To the north of the island three small out- 
lets drain the Nipissing level to the basin-below, which is about 25 feet lower than 
Lake Nipissing. To the south of the island is the main outlet. It is proposed to 
span the three small outlets by solid concrete dams. The dam for the main outlet is 
also of concrete, but has three openings which will be closed by ‘ Stoney’ sluice gates, 
the openings being 40 feet in width by 20 feet in depth. Rock foundation is secured 
for all the dams. 

Leaving the western Summit or North Bay lock, a canal cut 300 feet wide and a 
little over 14 miles long, averaging about 22 feet in depth of excavation, brings the 
canal into 22 feet of water in Lake Nipissing. Most of this cut is in soft material. 
About 2,000 feet below the lock, a double-leaf bascule bridge is provided for the Cana- 
dian Pacific railway. 

Long lines of crib-work are necessary in this approach, and the entrance from 
the lake is protected by pile work and earth embankment. 

In the lake, the canal line passes south of the Manitou islands and enters French 
river, which is follewd for 12 miles to the Chaudiére falls without any excavation 
being required. 

The Chaudiére lock is located some 1,400 feet from the falls along what is known 
as the Chaudiére portage, and is designed for a drop of 24 feet, elevation 648 to 624. 
The site is of granite-gneiss formation. 

Immediately above the lock, heavy rock excavation is required for the approach 
channel. | 

The raise of level in Lake Nipissing will cause damage by flooding at different 
towns situated on the lake shore, and to farm lands at the western end of the lake, 
the cost of which has been included in the estimates. 
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The town of North Bay, the most important place on the lake, will not be mate- 
rially affected. Close to North Bay, about 2 miles of the Canadian Pacific railway 
track, in the vicinity of the Ojibwaysippi creek, will require to be raised about 4 feet. 
At Callender, some property and the railway yards of the lumber companies will be 
flooded. At all places where landing wharfs exist, they will have to be either raised 
or rebuilt in new locations. 


The centre line of channel of the Nipissing reach does not present extreme changes 
of direction. 

for operating the North Bay lock and bascule bridges, it is intended to provide 
a gas-producer electric plant. Hydro-electric power will be used for the Chaudiére 
lock. 


The channels 22 feet in depth and over may be subdivided as follows, in relation 
to width :— 


Miles. 

Channels 300 feet to 600-feet.. eee 1 ne teeta a tae ees 
” 1,000 feet and over GEE. Se alt ek 
Lock and approaches. 3. .coee ne. en ost oi eee eee ee 
LOCAL Dcae i RS e eee CSE ee EL en es 


Approximate time to navigate, including usual delay at lock, 32 hours. 
Estimated cost of reach, $3,632,494. 
See Plates 14, 15 and 50. 


Five Mite Rapips Reacu. 


This reach is 184 miles long and is proposed to be controlled by a lock and dam at 
the foot of the rapids, and by blocking a channel which exists to the north of the 
Eighteen-Mile island dividing the French into two branches. 

The lock is located in a rocky point at mileage 403, and will effect a change of 
level of 24 feet, from elevation 624 to elevation 600. 

To the north of the lock a rock-fill dam about 550 feet in length spans the gorge 
through which runs the Little Parisian, the last of the Five Mile rapids. 

By enlarging a gully to the south of-the lock and placing therein stop-log sluices, 
regulation of the reach is partly obtained. 

The regulation will be completed by placing a similar set of sluices in the dam 
blocking the channel to the north of the Eighteen-Mile island. This dam will also | 
be of the rock-fill type. 

To obtain a channel of the desired width and alignment, many ‘cuttings in rock 
are required where the rapids are now. Many bends occur in this reach, which can- 
not be avoided. There are no damages caused by the raising of the river. 

The length of the reach is 184 miles and the channels vary in width as follows :— 


Miles. 

Channels=250ifeet in widths< 0.2 as mes . St ae eee eete 
ds 400 to 600. feet-and/ overs Wiese Gel ewe alee ASE 

a 1,000Meet ‘and over: 290s pat omens el. Se a. 
eck and tapproaches ..:i:2 “sabes Pate ates. ee co eae Be 
Dotbaks ¢i:5 2p SRE ae eee re i At ee ee 


Approximate time to navigate, including delay at lock, 24 hours. 
Estimated cost, $3,479, 188. 
See Plates 16 and 51. 
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PICKEREL RIVER REACH. 


This reach forms the last step from the Summit to Georgian Bay, the western 
end of the proposed waterway. It is 87 miles in length and stands at elevation 600 
which is 21°5 feet above the lowest water recorded for Lake Huron. 

The project is to follow the main channel of the French river, below the Five 
Mile rapids lock for a distance of 11 miles, thence the line is diverted through a 
natural waterway requiring considerable improvements, and enters the Pickerel river 
at the Horse-shoe falls, which it follows to its junction with the French river at Ox 
lake 16 miles below. 

From Ox lake the line follows the middle outlet of the French into the Georgian 
Bay. This route was selected after careful investigation, as the least expensive and 
more adaptable to desired width of channels and alignment than the main body of 
the French. 

Heavy rock excavation is necessary at many points. 

The natural waterway leading to the Pickerel consists of two lakes connected 
by narrow channels. 

Through the Horse-shoe cut will exist the sharpest bend of the whole canal loca- 
tion, and provision will have to be made to prevent vessels from crossing one another 
within this cutting. 

To maintain this reach at elevation 600, four dams are required, blocking the 
different outlets of the French and Pickerel rivers into Georgian Bay. 

One of these dams will be thrown across the head of the eastern outlet close to 
where it leaves the Pickerel river. Another will block the Bass channel one-half mile 
below, where the proposed canal line turns into the middle outlet. The third will be 
situated in the western outlet or Bad river about 63 miles below Wahnipite lake. 
The fourth will control the middle branch on either side of the Dalles lock. These 
dams are designed to be of solid concrete of the crest overflow type, their combined 
crest length being sufficient for the regulation of this level without abnormal fluctua- 
tion. Rock foundation is secured for all these dams. 

The lock is located on solid rock at mileage 440, about 100 feet from the shore, 
in the inner end of the coast indentation which forms French River harbour. 

Below the lock for about 2 miles, leading to the main shore of the Georgian Bay, 
considerable submarine excavation is required at scattered points to obtain a channel 
width of 300 feet. 

The entrance to French River harbour is comparatively narrow, and will have to 
be much improved, as well as the harbour itself. It is not presumed, however, that 
this harbour will be developed as a terminal. 

The Pickerel reach is crossed by the Canadian Pacific and Canadian Northern 
railway lines, and bascule bridges of suitable lengths have been provided for in the 
estimate. 

Damage by the raised level will be very small. 


The width of channels for the Pickerel reach may be divided as follows :— 


Miles. 

HA UMe ls OO Oe lS Leet Js ir ky il ee tae eee gees eae wd hay CBD 

. SOU Oc MO Leet ny € ac”. s Guerre gs eae ba eee ie 8 OO) 
: 500ttO 1 OOO tect and | overie meen ett: oo eo met t aye 

Lock andwanproaches sins tea c- 2) acne AU Buber cackt Mean ce 2 OhO 
Oeics) shonin ns Ch at Perna ea Tcl OR OR 


Approximate time of transit, including delay at lock, 5 hours. 
Below the Dalles lock, through the harbour to the lake, the width of the channel 
varies from 300 to 500 feet. 
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Estimated cost of reach, including excavation in French River harbour approach, 
$7,162,786. 

See Plates 16 and 51. 

A full discussion of the project in all its details will be found in the report of 
Mr. C. R. Coutlee for that part of the route extending from Montreal to Des Joachims. 

From Des Joachims to Georgian Bay full details will be found in Mr. Setdls 
Chapleau’s report. | 


CHANNELS. 


The total length of what may be termed canal cutting for the entire route is 
about 28 miles, by the project connecting with the St. Lawrence river above Montreal, 
through Lake St. Louis; and 34 miles, should the Riviére des Prairies route be 
selected. 

The length of submerged channels to be excavated is about 66 miles, in stretches 
of varying lengths. Apart from this, there is an aggregate of 144 miles of route where 
obstructions, such as shoals, sharp bends, &c., have only to be removed to form very 
wide channels. 

Therefore, of the 440 miles constituting the waterway, 108 miles will require 
excavation work, for locks, approaches, canals, submerged channels, &e., leaving 332 
miles of natural river or lake channels, which will not require any improvement 
beyond the raising of the water surface, as proposed by this project. 

Taking into account the 144 miles of obstructions, which after removal will leave 
wide, free channels, the route may be subdivided as follows, in relation to width :— 


Miles. 

Canal cuts, 200 to 300 feet wide, including necessary restric- 
tionsiat! locke tet ee, ae wae Daa BM ai chon ot bs 
Improved channels, submerged sides, 300 feet wide.. .. .. . 66 
Free channels, 300 to 1,000 feet wide andiover:.°.. .. .. . >a 2346 
otal “egten 2s outs 6 ho Lead anit Sierra, ale ee Mam ea, 


The relative length of canals and submerged channels may be varied slightly, as 
it is an open question as to the exact point where the one ends and the other begins. 

This scheme, as mentioned before, is essentially a river canalization, and short 
artificial canals are used as much as possible only for lock locations and approaches, 
which very often are placed in the natural streams. 

Formerly, when canals of small dimensions only were required, there was a ten- 
dency to use artificial cuts for canals rather than use the natural streams, these being 
utilized only as a source of water supply; the reason being that the idea prevailed that 
swift currents, floods, &¢., on rivers were difficulties which could not be successfully 
overcome for navigation purposes. 

Conditions, however, are entirely changed, as it has been proven that natural 
waterways, with improved machinery and modern methods, can be regulated and made 
safe for navigation. The enormous increase in the size of boats require larger chan- 
nels, and the universal practice now is to utilize the rivers and beds of streams rather 
than cut lateral canals. 

Under this project, the sides of all submerged cuts will be shown by piers or 
clusters of piles at suitable distances, to indicate the channel and to aid vessels in 
navigating. Along curves these piers will be provided with lights, and each different 
course will be defined by ranges. 

The restricted channels are widened at all bends, and conditions for navigation 
in these restricted parts will be as good, as on the St. Mary’s river, or the St. Clair 
and Detroit river channels. 
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The depth of 22 feet selected for the waterway will more than equal the condi- 
tions as they exist to-day in the channels connecting the waters of the Great Lakes; 
the St. Mary’s river, Hay lake, St. Clair Flats canal, and Detroit river. 

The improvement carried out for these lake channels, since 1892, contemplated 
a depth of 20 feet below the mean water surfaces as determind up to tnat time. Since 
then, however, the prevailing water levels of Lakes Huron, St. Clair and Erie have 
been almost continuously below the mean stage as formerly determined, and, in con- 
sequence, the actual draft available, on account of lake fluctuations, has been only 17 
to 19 feet. (Report of Chief of Engineers, U.S.A., Vol. V, 1907.) 

Tit has, therefore, been found necessary to increase this depth, and some of these 
channels are now being deepened to 21 and 22 feet in order to obtain a safe 20-foot 
draft at all times. 

The Georgian Bay Ship Waterway, with a minimum depth of 22 feet, will com- 
pare favourably with any of the channels above mentioned, which govern the draft of 
boats on the Great, Lakes. 

Information as to side slopes in different materials, hydraulic grades, &c., are 
given in the reports of the district engineers. 

The total quantity of excavation required has been computed from actual cross- 
sections as determined by levels or lines of soundings. 

The amount of rock and earth excavation in each reach, including quantities for 
alternative routes, are given in the section of the report which describes the project in 
detail, and in the tabulation relating to the estimate of cost. 

The mileage of excavation in canals and channels for the route may be subdivided 
as follows, for each class of material encountered :— 


DRY EXCAVATION. 


‘Miles. Miles. 
i Siterey eA OU Ie IS cay Ver ater, gore Cog thts Mi Poy ns Ds Le 
PIAL UMEMADON Ae nen ney Varn (cern lon weer tae. bees 13 
Mra Caruicand Tock about sole te ee ey oe OG 
58 
WET EXCAVATION. 
TOG Ee si reemnt Cet TIN tre tie wii augias AEG 
ELLIS Were sprog Oy Sty A) SB lnk ape h ait tree Med ae te. 
Mixedsearth. aaderoci’ shir Latlectesia we ae eens esas 
50 
SOLA Dee si rue, ucend WS UE RE ea meno ate Ie 


This mileage includes all points which are to be dredged or excavated, whether 
canal cuts, submerged channels or shoals. A small percentage given as submarine 
rock work might possibly be done in the dry, and the cost thereby reduced. In the 
estimates, when doubt existed, the rock excavation has been invariably classified as wet 
rock. 


LOCKS. 


The number of locks required for the project as designed is 27 for the route enter- 
ing Montreal by way of Ste. Anne and Lake St. Louis. By the Riviére des Prairies 
route the number would be decreased by one. The lift of these locks varies from 5 to 
50 feet and overcome a difference of elevation from Montreal to Summit level of 559 
feet, and from Summit level to Georgian Bay of 98-5 feet, a total of 697-5 feet. 
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The number of reaches, however, is only 23, flights of two locks being provided 
for at the Rocher Capitaine rapids and at the Lower and Upper Paresseux falls. 

After due consideration of all the conditions and requirements, a clear length of 
650 feet and a clear width of 65 feet for the lock chambers, with a depth of 22 feet 
over the mitre sills, was adopted. These dimensions will accommodate vessels of the 
largest tonnage on the Great Lakes, and will provide reasonable accommodation for 
any probable increase in the size of boats. 


Duplicate pairs of gates are provided at both ends of the locks, and should a 
longer chamber be required occasionally, a clear length of 707 feet would be available 
by leaving the inner pair of the lower gates open. 

Lake boats have now attained a length of 605 feet, and though these are built 
especially for the iron ore trade, which goes to Lake Michigan and to Lake Erie ports, 
they may occasionally be chartered for grain and seek the Ottawa route, especially 
for late trips before the close of navigation. The locks and channels will pass them, 
but the waterway is better adapted to the common carriers, which has been so suc- 
cessful on the lakes, the 6,000 to 10,000 ton vessels, varying in length from 350 to 500 
feet and over. 


The depth over the sills is necessarily governed by the conditions at the Sault Ste. 
Marie locks and channels leading thereto, which practically limit the draft of the 
boats, when loaded, to 20 feet. 

Therefore, it would seem that a depth of 21 feet over the sills and in the channels 
would have been sufficient to meet all requirements, but in order to allow an increased 
speed and a saving of time in some of the stretches of the canalized waterway, which 
is of vital importance, a ruling depth of 22 feet has been fixed. 

A new lock at Sault Ste. Marie is contemplated by the United States government 
which will be 1,350 feet in length by 80 feet in width, so as to accommvuate two modern 
lake freighters of the largest type. 

The depth over the sills, it is stated, will be 24-5 feet, in order to increase the 
clearance under the vessels. 

When this new lock is built, full advantage can then be taken of the new sub- 
merged cut through the West Neebish channel of the St. Mary’s river below the locks. 
This channel, which connects the lower end of Hay lake with the upper end of Mud 
lake, has a total approximate length of 13% miles, 24 miles of which has been excavated 
through solid rock. This improvement was made at a cost of $4,500,000. The channel 
has a minimum depth of 22 feet below extreme low water in Lake Huron, and at that 
stage provides for the passage of boats of 20 to 21-foot draft. 

The main purpose, however, of the new lock is to provide for the increase in traffic 
which is expected to pass through the Sault locks. The capacity of the Weitzel, Poe 
and Canadian locks is estimated at 75,000,000 tons per season, and with the traffic 
now approximating 60,000,000, it is evident, if the present rate of increase continues, 
in a few years the facilities afforded by a new lock will be urgently needed. 

Now that the West Neebish channel is ready to be used, arrangements are being 
made, in order to better meet the development of tonnage and commerce, for the 
improvement of the Middle Neebish channel, which will be chiefly used for the up- 
bound traffic. 

It is proposed to give to this channel a clear depth of 21 feet below datum plane 
of 578-5 above mean sea level, through this portion of the river. 

The following table of the depth of water available in the Poe lock for the last 
few years, in the Statistical Report of Lake Commerce, prepared under the direction 
of Colonel Chas. E. LL. B. Davis, is of interest in view of the improvements to channels 
already made or projected. 
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DEPTH OF WATER IN POE LOCK—-MONTHLY AVERAGES FROM DAILY READINGS. 


Year. April. May. June. July. Aug. Sept. Oct. Nov. Dec. 

Feet Feet Feet Feet Feet Feet Feet Feet Feet 
LESS Rane ron tans eB by Guciety ach PGs Cate ate RO ape aan nt ee Lee en 20 -48 20 -34 19-88 19-98 19 -69 
ERO Te oe Settee bt Pe el Sate 19-36 19-82 20 -22 20 -63 20 -80 20-60 20°31 19 -99 19 -97 
ESS Srareeeter ey eae vate 19 -33 19-61 19-99 20 -35 20 -39 20 -30 20-10 19 -96 19-89 
SO OR ee tie AG teks hice sats 20-01 19 -94 20 -47 20 -84 20-98 20-01 20:70 20 -44 20 -37 
VUESTOOS x Aus: Gancee es ae ee 19 -82 19-70 19-80 20-18 20 -52 20 -94 21 -02 20 86 20-59 
LOR eee is cn ee 20°11 19 -96 20 -20 20-39 20 -60 20°17 20-08 19-72 19 -42 
OOS Aen ey es aes 18-76 19-09 19-31 19-74 19 -86 19-80 19 -47 19°41 19°16 
OOS Rearne a ac we oe 18-95 19-33 19-55 19 -84 19 -97 20-08 20°01 19°71 20-31 
TOO ARE eee cicada aly ekape te 20-08 19-93 20 -46 20 -62 20:70 20-77 20-77 20 -43 20 -29 
OC ete en ite te eS eee 19 -89 20 -04 20 -29 20-70 20°75 20°78 20-72 20 -43 20-14 
MOOG ee aioe ks 4 aitco at 20°17 20 -25 20°53 20°68 20 -68 20-54 20 -32 20-12 20°17 


The above table shows that the average depth of water in the lock was less than 
20 feet :— 
Four months during the season of 1897. 


Five i: ig 1898. 
One . < sf 1899. 
Three ay ss 1900. 
Three . = ~ 1901. 
Nine : 73 - 1902. 
Six - . ie 1903. 
One = i = 1904. 
One “3 oe ee 1905. 


In April, 1902 and 1908,the average depth decreased to 18-76 and 18-95 respec- 
tively, and in 1906 the average was only one-tenth to three-tenths of a foot above 20 
feet for five months from April to December, inclusive. 

This is of special interest in showing that with the proposed 22-foot depth at 
extreme low water in the locks and channels of the Georgian Bay Ship canal, condi- 
tions will be better than now exist on the St. Mary’s river, and this depth will fairly 
meet the conditions created there by the new channels and prospective lock. 

The passage through the Sault Ste. Marie locks gives a fair criterion of the differ- 
ent classes of boats engaged in the inter-lake commerce. 

In the Statistical Report of the Lake Commerce passing through the Canadian 
and American canals at Sault Ste. Marie for the year 1906, the following list is 
given :— : 

VESSEL DIMENSIONS—FREIGHT CARRIERS. 


NUMBER OF VESSELS. 


SS 


L TH. Bram. 
rake Years. 
1899, 1900. 1901. 1902. 1903. 1904. 1905. 1906. 
Feet. Feet. 

30 — 100 8 — 28 53 44 16 39 20 6 26 13 
100 — 200 21 — 39 283 316 275 243 219 183 194 170 
200 — 300 32 — 43 267 285 303 337 314 291 293 258 
300 — 400 38 — 50 124 134 EY 179 174 181 183 171 
400 — 500 45 — 53 41 56 71 87 97 118 128 128 
500 — 600 BYE SSS TOUS Ea nag Ue eral Rr re a Pa OS lea eee td 1 23 ay 

Ota Sie Aca Caen ee re cee 768 835 817 885 824 780 847 797 
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The foregoing table shows strikingly the sharp decline in the number of small 
freighters, and their outclassing by large vessels 400 to 600 feet in length. 

In percentage to the whole fleet the different classes for the same year stand as 
follows :— | 


CLASS. 
YRARS. ie a 


100 to 200. | 200 to 300. | 300 to 400. | 400 to 500. | 500 to 600 


Dac Dace Dp. Cc. p. € Die: 
TOO Re ee nec ha ladcun wick Me a aR Solin 39 -59 37 -35 17-33 5°73 0-00 
LQOOME Aiea eek rear EN.) heats 39 -95 36 -03 16-94 7-08 0-00 
LQ OU ete Bateson: & Seca x CRAMER OG 34 +33 37 -83 18 -97 8 -87 0-00 
OO Der ee eae tayo Si Enea ne nce eames ss Bee 28-72 39 -83 21-17 | 10-28 0-00 
TQ O Ber oe ter oe Coa eatate ohne get ORO =| Ne 27 +24 39 -05 21:64 | 12-07 0-00 
POOAg Reece ares Aiea Ager oeeeemeM SSG, 23 -64 37-59 23739 15 -25 0:13 
QOD ere cponte See ye clei tee See 23 -63 35 -69 22 +29 15-59 2-80 
TOO Ger hike eens «Suede Pgs eke ee 21-69 32-91 21-80 16 -33 weZe 


In 1906 the percentage of total freight carried by vessels of different classes was 
as follows :— 

For vessels up to 1,000 tons, net register; length varying from 64 to 258 feet; 
maximum beam, 42 feet; total freight carried, 6 per cent. 

For vessels 1,000 to 2,000 tons, net register; length varying from 172 to 366 feet; 
maximum beam, 45 feet; total freight carried, 19-3 per cent. 

For vessels 2,000 to 3,000 tons, net register; length varying from 282 to 448 feet; 
maximum beam, 54 feet; total freight carried, 14-3 per cent. 

For vessels 3,000 to 4,000 tons, net register; length varying from 368 to 484 feet; 
maximum beam, 53 feet; total freight carried, 384-1 per cent. . 

For vessels 4,000 to 5,000 tons, net register; length varying from 4381 feet to 569 
feet; maximum beam, 56 feet; total freight carried, 14-5 per cent. 

For vessels 5,000 to 6,000 tons, net register; length varying from 474 to 602 feet; 
maximum beam, 60 feet; total freight carried, 11-6 per cent. 

This shows that over 80 per cent of the freight which passed at the Sault locks, 
in 1906, was carried by vessels of a larger size than can be passed through the present 
St. Lawrence canal locks, and indicate clearly that the size of the lock chambers on 
the proposed route should not be less than 650 feet in length by 65 feet in width. 

In designing the different reaches, great care has been taken to make them as 
few as the physical conditions would permit in order to make the route as fast as 
possible, and this has necessitated the adoption of lifts higher in many cases, than 
have so far been used in practice. The highest single life on the route is 50 feet, 
several others being over 80 and 35 feet, as is shown on the table referring to locks, 
page 316. 

These unusually high lifts were selected only after the most exhaustive study of 
existing high lifts, and the consideration of conclusions reached by boards of promi- 
nent engineers in investigations made for other large canal projects. 

A small lock built in connection with the Assouan dam, Egypt, has a lift of 60 
feet. At Lockport, the end of the Chicago Drainage canal, a small lock is in use 
having a lift which varies from 30 to 45 feet according to the condition of the water 
level in the river below, and it is projected to build a large lock of the same lift in 
connection with the proposed waterway from Lockport to St. Louis, U.S.A. Several 
studies in France, Germany and elsewhere have been made, and locks with lifts of 40 
to 60 feet, and even 65 feet, have been proposed by prominent engineers. 

In France the lock with the highest lift is that at the head of St. Denis 
eanal in Paris—32-2 feet with a maximum of 36 feet—built on rock in 1890-91. 
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Diagram showing increase in large and decrease in small Freight Carriers on the 
Great Lakes,according to Lengths. 


Number of Boats 
Number of Boats. 


Compiled from Reports on Traffic at Sault Ste Marie. 
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Another lock with a lift of 30 feet exists at Horin, on the Moldau in Bohemia, which 
was built on gravel foundation in 1902 and 1903. It is stated that both of these have 
been operated without any difficulty having been experienced from their great lifts. 

Lock gates employed for coast work, have to close locks which are frequently 
as wide as 100 feet and in some of which the depth of water at high tide exceeds 50 
feet. 

Lieuteant-Colonel C.W. Raymond, Corps of Engineers, U.S.A., in a paper for 
the International Congress of Navigation held at Dusseldorf in 1902, states: ‘It is 
practicable and in some cases desirable, to adopt lifts as high as 52 feet and gates 
can be constructed to safely sustain the pressure from the resulting heads. With 
low lifts the maximum freight capacity is greater, but high lifts facilitate the rapid 
passage of the individual ship.’ 

The Deep Waterway Commission in 1901 employed Mr. Henry Goldmark, C.E., 
to design steel gates for locks up to 40, 48 and 52-foot lifts. His investigations and 
designs showed clearly that steel gates of very simple construction and operation could 
be built for these high differences of elevation. 

Mr. Goldmark designed gates for the Panama canal which are 74 feet high and 
for a width of lock of 110 feet; being much larger than those required on our pro- 
posed waterway. 

This question was discussed with Mr. Goldmark and he has designed steel gates, 
which are shown on plates No. 32 and 33. His report in this connection with esti- 
mate of cost is given in Appendix C. 

One of the reasons which led to the recommendation of such high lifts, apart 
from considerations mentioned above, is that the locks can be built under the best 
conditions possible of safety and stability. : 

Numerous borings and repeated investigations have demonstrated that all the 
locks, with one exception, will rest upon rock of such character that it will furnish 
a safe and stable foundation. 

Such advances have been made during the last few years in concrete construction 
that all parts of the structure can be made permanent and of ample strength. Granite 
will, in most cases be at hand if it should be found advisable to build the hollow 
quoins and line the sluiceways for the valves, &c., operating under large heads, with 
that material. Without doubt, everything can be made absolutely safe in so far 
as the structures are concerned. 

As to the passage of shipping, there is no difficulty to apprehend. Practical 
experience with large locks, large ships and an immense traffic on the St. Mary’s river 
is conclusive as to safety of passage. 

Substantial piers of approach and double gates are provided, and by using 
stationary power for the moving of vessels, danger to locks and to shipping in transit 
is reduced to a minimum. 

A description of each lock, the arrangements of filling and emptying culverts, 
lighting and other details are given in the reports prepared by Messrs. Coutlee and 
Chapleau, and which are incorporated further in this report. The standard single 
lock and locks in flight as shown on plates 18 and 19 were designed by Mr. Chapleau 
for the Nipissing district. The standard single lock shown on plate 19A was designed 
by Mr. Coutlee as a type for the Montreal and Ottawa districts. 


DAMS. 


The total number of dams, large and small, required to be built in connection 
with the project is 45, not including those connected with the formation of storage 
reservoirs at the head-waters of the Ottawa river, which question is treated elsewhere 
in this report. Great care was exercised in the selection of the various locations for 
the dams, as there were many considerations, which require judicious adjustment. 
After having ascertained the character of the foundations by test borings, such mat- 
ters as avoiding the flooding of large areas of valuable land, the adoptidn of lifts 
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which would allow a minimum number of dams and locks, the securing of deep water 
so as to reduce as much as possible submarine excavation in the upper end of the 
reaches, &c., entered into the final choice of the various locations. 

On account of the different conditions existing at many of the sites, it was impos- 
sible to adopt a standard type for all the dams. 

In the summit reaches the main consideration governing the character of the 
structures to be adopted was that no waste of water could be permitted. Therefore, 
in such cases, where the conservation of water is involved, water-tight concrete dams 
are provided for. 

On the Ottawa river, the amount of water available, even at extreme low flow, is 
so much in excess of the requirements that a large amount of leakage through the 
structures is of no consequence. 

Therefore, the dams provided for the main river are generally very large and of 
considerable height, and a type had to be found that would be absolutely safe, rela- 
tively easy of construction in strong currents or boiling rapids, and of reasonable 
cost. Timber dams in most cases could not apply, on account of their size being very 
much limited and the frequent repairs required. Large concrete dams are becoming 
very usual, but on a river like the Ottawa, for high dams and in deep locations, the 
cost would practically be prohibitive. | 

This question was particularly investigated by Mr. Coutlee, who recommends 
in his report, as most suitable, the type known as ‘ rock-fill dam” After mature con- 
sideration of all the conditions and elements affecting this important part of the 
work, I have reached the same conclusion, and believe that the rock-fill dam for such 
a large canalization as proposed is the proper solution. Generally, where these dams are 
located, there will be such a large amount of rock excavated from the canal prism or 
lock sites, that it will be possible to dump this rock so as to gradually build these large 
rock-fills, even to a larger section than required by safety, at a reasonable cost. If 
it is desired to limit the leakage of these dams to a minimum, small material could 
be deposited in front to a flat slope. A great advantage with this type of dam is its 
absolute safety under all conditions. As expressed by Mr. Coutlee, ‘ This huge rock 
bank becomes really a part of the geology of the locality. It cannot be overturned 
like a masonry wall,-nor can it slide upon its base. If the river bottom scours out 
beneath it to any extent, the loose stone settles into the cavity, and if by accident 
water pours over the top of it, the loose rock will no be eaten away to any extent, and 
under no circumstances will the dam burst suddenly.’ # 

Many reservoir dams have been built of loose stone in California. One even has 
been built 210 feet high, thus exceeding in height the greatest masonry dams ever 
built. On the Ottawa no such extreme height is proposed, the highest above ordinary 
low water level being 25 feet, and from bottom in the deepest part of the river to crest 
level the highest construction is 80 feet. 

With these dams an important element is that a speed of construction can be 
attained which cannot be equalled with any other material. Moreover, the tightness 
of a loose-stone dam can be progressively increased, according to the needs, by simply 
increasing the thickness of earth or protective material. 

Of course, it is not intended to allow these dams to be over-topped, and movable 
dams or sluiceways are provided of sufficient capacity to pass the flow and at the same 
time to control the level of the different reaches. 

A great number of types of movable dams were investigated, with the result that 
it was decided not to go beyond common practice on the Ottawa river, where ordinary 
stop-log dams have been in use, with great success, for many years. They cost less 
than any of the standard types in use, and they can be made certain of operation by 
improved handling machinery. In some special cases, however, it has been found 
advantageous to use large ‘ Stoney’ sluice-gates, and an estimate of cost for various 
openings and depths, prepared by Mr. Henry Goldmark, C.E., is given in Appendix G. 
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In regard to these regulating dams, in practically all cases, solid rock foundations 
have fortunately been secured. 

Sections and some detailed drawings are shown on the plans. Further detailed 
observations regarding the dams at each location, character of structure and dimens- 
ions are given in the reports of the district engineers. 


BRIDGES. 


Between Montreal and Georgian Bay there are now 138 bridges along the line of 
the proposed waterway. 

The Lake St. Louis route and the Riviére des Prairies alternative route have 
the same number of bridges, four in each ease. 

Several of these structures, the Grand Trunk railway bridge at Montreal, the 
Hawkesbury bridge, the two railway bridges at Ottawa, and the Mattawa bridge are 
not directly affected, the canal line cutting their approaches where bascule bridges 
are provided. 

A special study was made of each particular bridge, and sketches prepared for 
new structures over the canal, the bascule type, either single or double leaf, and single 
or double track, according to requirements, being selected in every case. 


The following tables show the character and general dimensions of the existing 
bridges along the route, and the location and character of the proposed bridges under 
the project. See plate 34 regarding sections of proposed structures. 


Elevation | Height 


Name or Location. Length. of above Description of Bridge. 
Floor low 
above water. 
M.S.L. 
Feet. Feet. Feet. 

1 St. Lawrence River, Montreal. 6,450 65 -00 39 |Grand Trunk Railway double track steel 
(Approa- through bridge. 24 spans of 250 ft. 
ches not each; 1 channel span of 330 ft.; Mont- 
included. real approach, 1,100 ft.; St. Lambert 

approach, 700 feet. 

2 St. Lawrence River, Lachine. 3, 5244 87 -00 22 |Canadian Pacific Railway single track 
Between bridge. 2 cantilever channel spans of 

abut- 408 ft. each; 2 deck flanking spans of 
ments.) 270 ft. each; 8 deck spans of 240 ft. 


each; 3 deck plate girder (shore) spans 
of 80 ft. each. 60 feet clear under 
channel spans above ordinary water 


level. 
3 Bout de l’Ile, Bourdon Island VAR oa Sy tere ; 29 |ChAteauguay & Northern Railway single 
(Riviere des Prairies alter- track steel bridge, over the south 
native route), channel of Riviéres des Prairies, com- 


prises the following spans: 2 deck plate 
girder spans resting upon the abut- 
ments, each 46 feet in length; 8 
through trusses, each 140 ft. in length, 
2134 ft. deep, and a channel truss 200 
ft. in length. 


4 Viau bridge, Ahuntsic (Ri- 990 62-00 20 |Highway steel bridge over Riviere des 
viére des Prairies alterna- Prairies composed of 1 span of 208 ft., 
tive route). 1 span of 61 and 2 spans of 59 ft. each. 

5 Bordeaux (Riviére des Prai- 514 73-00 20 'Canadian Pacific Railway single track 
ries alternative route.) steel through bridge over Riviere des 


Prairies, composed of 1 span, 201 ft. in 
length; 1 span, 158 ft., and 1 span, 155 
“ feet. 
6 Cartierville (Riviére des Prai- 665 71-00 15 6 |Three steel spans highway bridge over 
ries alternative route). Riviere des Prairies, having 1 span of 


2203 ft., 1 spau of 222 ft. and 1 span of 
222% ft. 
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ry 


ee ee 


Elevation 
fo) Height 
No. Name or Location, Length. Floor above 


7 |Ste. Anne de Bellevue....... 1,3572 | 110-46 41 


8 (Ste. Anne de Bellevue....*.. 1,342 111-21 41} 


9 |Hawkesbury............. ee 1,484 174-00 50 


10 |The Royal Alexandra‘(not in- 1,860 192-30 52 
terfered with). 


11 |The Prince of Wales (not in- 3,300 190-78 28 
terfered with). 


¥2 |Mackie Bridge.?...........- 391 270-10 27 
(Portage-du-Port.) | 


14 |Portage du Fort............ 200 268 -16 27, 


Description of Bridge. 


Grand Trunk Railway double track steel 

ridge over the Ottawa river, composed 

of 8 deck spans of 66 ft., 6 deck spans 

of 100 ft. (approx.) and 1 through truss 
of 2063 ft. 


Canadian Pacific Railway double track 
steel bridge over the Ottawa river, 
composed of 7 deck spans of 66 ft. 
1% ins.; 1 deck span of 63 ft.: 14 ins.; 
2 deck spans of 100% ft.; 1 through 
truss of 324 ft., 2 through spans of 
pte ft., and 1 through span of 1002 
t. 


Great Northern Railway steel deck bridge 
over the Ottawa river, composed of 7 
spans each 212 ft. in length. 


Single track railway steel cantilever 
bridge over the Ottawa river, be- 
tween Hull and Ottawa. Double elec- 
tric line, double roadway and double 
sidewalk on this bridge. 


Canadian Pacific Railway single track 
steel through bridge over the Ottawa 
river, above Chaudiére falls. The 
length given embraces Lemieux island 
and a smaller island, 


Interprovincial steel highway through 
bridge over the Ottawa river, main 
channel, between Limerick island and 
the Ontario shore, at the Narrows, 
composed of 1 mid-stream channel 
span, 305 ft, in length; 1, span of 53 ft. 
and 1 span of 33 ft., with stone piers 
and abutments. 


Steel highway bridge over the Ottawa 
river between Limerick island and 
the north shore, at Portage du Fort 
Village. In 1872, the Department of 
Public Works, aided by the province of 
Ontario and the municipality, built a 
wooden bridge, which was destroyed in 
1898. In 1900 a new structure con- 
sisting of 1 through span with stone 
piers and abutments and a steel super- 
structure was put_up by the Depart- 
ment of Public Works—the Govern- 
ments of Quebec and Ontario contri- 
buting. 


AMeLae Y SOM seo aioe Sl aieitte SIS S oma ss 378 383 40 {Steel highway bridge on concrete piers 


and abutments over the Ottawa river, 
Grand Calumet channel, between 
Grand Calumet island and Bryson ° 
village. Begun in 1886 and completed 
in 1888. Consisted of an approach on 
the Bryson side, formed of a timber 
Howe truss 66 ft. long, and timber 
trestle with stone embankment, 71 ft. 
long; an approach on the island side 47 
ft. long with stringers laid on bents and 
stone embankment; two mid-stream 
steel spans 169 and 209 ft. long respec- 
tively and 17 -2 feet wide. In 1906, the 
Department of Public Works rebuilt 
the bridge by inserting two new spans 
65 and 100 ft. long respectively, and 
concrete abutments &c., at a cost of 
$15,500. 


LGU Chaneauiesesne soe oes Hae 150 351 5 |Wooden highway swing bridge over the 


19a—5 


Culbute Channel, connecting the vil- 
lage of Chapeau, on Allumette island, 
with the main shore, 
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No. Name or Location, 


17 ;Des Joachims Rapids........ 


18 |Mattawa (not interfered with) 


TOpPickerel PR iver wee ecmiiae 


20 |Pickerel River........ 


Length. 


Feet. 
435 


340 


300 


Elevation 
of 
Floor 
above 
M.S.L. 


Feet. 
388 -60 


512-50 


Ce ee Se 


638 -00 
(approx.) 


Height 
above 
low 
water. 


Feet. 


Description of Bridge. 


13. |Steel highway bridge over the main chan- 


Lid, 


54 


nel, Built in 1882 by the Federal 
Government, contributions being made 
by the provinces of Ontario and Que- 
bec. Cost, $47,309.88. Rebuilt in 
1900, the provinces again contributing 
towards the reconstruction. 

Notr.—Bridge across timber slide 
over the inside channel, between 
Laure island and the Quebec shore, 
consists of 2 steel through spans, each 
150 feet in length, a stone centre pier 
and the abutments. This bridge will 
not be affected by the construction of 
the Canal. 


Steel highway through truss bridge over 
the Mattawa river, at Mattawa, con- 
crete pliers, 


Canadian Pacific Railway through steel 
truss bridge over the Pickerel River, 
at the 420-7 Mile Point, concrete piers, 


Canadian Northern Railway bridge over 
the Pickerel river, at the 430 Mile 
Point. One through truss span, con= 
crete piers, 
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Number 
fo) 
Bridge. 


BASCULE-BRIDGES to be erected over the route of the Georgian Bay Ship Canal. 


a ae a ee 
ee ES 


Gh ee. eect Ree 


ete 
NS Oe EO 00 TS) 


™ 


NO oO Pe Ww 


Name of Location. 


WACO IAA AEE er Ne Niet: See te et ae ae 


Wierchlain: cee ere at oe ove ete saa nee 


Bout de l’Ile. (Alternative Route)....... 
Sault au Recollet. (Alternative Route).... 
Bordeaux. (Alternative Route)......... mi 
Cartierville. (Alternate Route).......... 
ote, Anne dé Bellevue...:..5.5.0.../.0.. 
Pte wane We Dellevue, «044i. a uch 
Boitie POrlune. cathe bay te abe 
Hawkesbury 20) ais oa. oe eee at 
PIG WHOSOUEN Ee pete ec ocen h ae tee Oh merirs 
EP LOCKES Ge Sores se Uae... Kites Zee, 


Bryson, (Alternative Route)............ 
Fort Coulonge. (Alternative Route)...... 
Westmeath. (Alternative Route)......... 


sewers so Pa a <cop Se SE Ie ute ON Bae Bt ag 


Chapeau. (Alternative Route)........ 

PGS SOR GH IMS esto! de et oe atta tne okie 
IER OCA Wars Ons eee aes Ais Ae Ss a ak 
INGriRE DAY nites ards See wee A ee EES 
PACKOTEL Oia kat era RS ENCOUN € ceca ee 


Width. Description of Bridge. 
Feet. 
55 Double track; double roadway. 


20 Highway bridge. 
25 Double track. Can. P. Ry. 


25 Double track. 
20 |Highway. 
25 Double track. Can. P. Ry 
20 Highway. 
25 Double track, G. T. Ry. 
25 Double track. Can. P. Ry- 
20 Highway. 
25 eh level; double track. Great Northern 
20 Low level; single track. 
20 Highway. 
25 Double track. Can. Pac. Ry. 
25 Hull Electric Line; 2 tracks and 2 roadways. 
20 Highway. 
20 Highway. 
20 Highway. 
20 Highway. 
20 Highway. 
20 Highway.’ 
20 Single track. Can. Pac. Ry. (Kippewa Br.) 
25 Double track. Can. P. Ry. 
25 Double track. Can. Pac. Ry. 
25 Double track. Can. Northern Ry. 


19a—d4 


68 DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., A. 1909 


REPORT BY MR. C. R. COUTLEE, M. CAN. & AM. SOC. C.E.—DETAILED 
DESCRIPTION OF ROUTE AND PROJECT. 


MONTREAL TO DES JOACHIMS. 


In October, 1904, I was appointed a member of the engineering board, to look 
into the question of the navigation of the Ottawa river from Montreal to the Great 
Lakes. The survey had already commenced under the Department of Public Works, 
and I was chiefly concerned in the general study of the requirements of the naviga- 
tion proposed, and the design and cost of a scheme to meet these requirements. 
The ship navigation project along the valley of the Ottawa consists in providing 
arrangements to bring boats of large size (600 x 60 x 20 ft. draft) from Lake Huron. 
Michigan (Georgian Bay), down through pond after pond to Montreal, the head of 
ocean navigation. 

This style of river navigation is known as ‘ the lock and dam system,’ with slack 
water reaches between, and is quite similar to the Rideau and Cataraqui river system 
between Ottawa and Kingston. 

In designing these reaches, it was necessary to know the style of navigation 
proposed. A depth of 22 feet was set by the department, which indicates a vessel 
of 20-foot draft, corresponding to the large lake boat. I will, therefore describe this 
craft: her speed, load, habits, &c., and also the channels, curves and currents which 
the lake boat is accustomed to navigate. 

The commerce of the great lakes consists of four commodities: iron ore, from 
Superior to Lake Erie; coal as return cargo from Lake Erie to Superior; grain— 
wheat, oats, flaxseed, &c., and lumber. The first two commodities form 80 per cent 
of the total trade. For the transport of iron ore and coal the monster lake boats 
have been developed. 

These boats are limited to 20-foot draft, as even the greatest lake harbours are 
not deeper; but the length of the boat has been extended from 300 feet to 400 feet, 
then to 500 feet, and at present boats slightly over 600 feet are in the business. 

The largest weigh, empty, 5,000 tons, and can carry a load of 12,500 tons. The 
engine is placed in the stern, not in the centre as with ocean-going craft. The bow 
is reserved for the bridge, wheel-house and officers’ quarters, and the whole mid-ships 
portion—nearly 500 feet long—is one immense bin, 500 feet long, 60 feet wide and 
25 feet deep. 

The bottom of this bin is about 5 feet above the bottom of the ship, and the space 
between is divided into some twenty compartments, all or any of which may be pumped 
full of water for ballast. 

The deck is a succession of hatches, with only the deck-beam of the main frame 
intervening. (See Plate 20, prepared by Mr. Chapleau.) As the boat lies at a wharf, 
with her hatches open ready to load, nearly all the deck has been removed, and she 
is a great box with the cover off, into which the iron ore is poured from elevated bins. 
In this way the steamer A. B. Wolvin, in July, 1904, loaded 11,000 tons of ore, and 
was under way in the short space of three hours. (Hng. News, 1904.) 

Despatch in loading and unloading is essential to make these boats pay during 
the six months of navigation. 

To unload, the boat is brought down under a series of mechanical unloaders, each 
of which consists essentially of a grab-bucket that descends into the iron ore, shuts 
its jaws, and rises filled with several tons, which it carries quickly to the pile along the 
back of the wharf, and returns for another mouthful. The load is discharged in some 
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seven hours at the dock. The coal and ore trade of the lakes is a highly specialized 
‘traffic, five times greater than the Suez canal tonnage, and loaded, carried and dis- 
charged more quickly than any freight elsewhere in the world. 

The speed of these lake boats is moderate: 123 miles in open lake has been found 
the economic rate, while an ocean freighter would be 50 per cent faster, but no delays 
are allowed at terminals. 

The boat travelling 123 miles per hour in open lake reduces her speed 10 per cert 
when passing water from 40 feet to 25 feet depth automatically, i.e., without having 
the steam supply of her engines lessened. A further reduction to 9 miles per hour is 
considered advisable as.she enters a channel dredged out 22 feet deep and 300 feet 
wide. The edge of this channel cannot be seen, of course, beneath the water, and 
there is danger that boats might touch along the sides with disastrous results, as the 
steel plates of which the hulls are constructed are remarkably easily torn. 


If a large boat (600 feet) sinks in a dredged channel, she is very apt to swing 
erossways and obstruct all traffic for days until she is raised or a temporary channel 
dredged around her. 


The following is an extract from Hngineering News, 1900, Vol. I., page 264 :— 


‘During the last season, 1899, there were three accidents in the history of 
transportation on the lakes illustratiing one of the serious and inevitable defects 
of such a highway of commerce. 

‘In its natural condition, the St. Mary’s river, which connects Lakes Huron 
and Superior, had extensive shallow reaches. Through these a channel has been 
excavated 300 to 400 feet wide and 20 feet deep. In the early part of September, 
1899, one of the Great Lake freighters, the Douglas Houghton, ore-laden, through 
the giving out of some of its steering gear, went aground; and swinging around 
across the channel, completely blocked it. It took five days of the most arduous 
and unremitting effort to get this vessel afloat and out of the channel; and, in 
the meantime, 332 vessels loaded with freight were unable to get by. To those 
interested this caused a dead loss, estimated by the Lake Carriers’ Association at 
nearly $1,000,000. 

‘In the latter part of November, another blockade of the St. Mary’s river 
channel occurred, due to a collision in which three vessels, two steamers and a 
tow barge, were mixed up and stranded. This caused a delay of nearly four days 
to some 167 vessels, and involved a loss to the navigation interests of a very large 
sum, probably not far from, $500,000. 

‘In the early part of December, a tow barge went aground in the St. Clair 
Flats canal, blocking the canal for nearly two days, delaying 35 vessels, and 
causing a heavy loss to the navigation interests. This latter accident, occurring 
just at the close of the season of navigation, might have produced most serious 
results by preventing a great many vessels from reaching their destination and 
home ports.’ 


Long boats, especially when deeply laden, so that they, as it is said. ‘smell the 
bottom,’ are very liable to ‘ take a sheer’ and run aground or collide with an approach- 
ing boat; consequently, a 22-foot channel is provided for a 20-foot draft boat. 

In a canal her engines are shut down to half speed, as her great length requires 
cautious running to prevent sheering toward the sides. Even a less speed is neces- 
sary when meeting other boats, but 4 miles per hour is the headway required for 
steering. 

In entering the Soo lock the speed is reduced to about 2 miles per hour just 
before coming to a dead stop in the lock chamber. (See Plate 36.) 

Lake boats have a steering-gear which is very quick-acting, when compared with 
that of ocean boats. This admits of quick, sure and safe maneuvring. The ocean 
boat would be unable to make lockages and pass the bends and currents of the crowded 
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channels of the St. Mary’s, St. Clair and Detroit rivers, through which the lake boats 
wend their way day and night with practically no accidents. (See Plate 35.) 

On the other hand, the lake boat could not weather the storms of the North Atlan- 
tic, nor would her speed be economical in that service. The lake boat is a large, capa- 
cious, moderately-engined barge, built especially to carry iron ore and coal, and, during 
slack periods, grain in bulk. 

: The Ottawa navigation would necessarily conform to the requirements of these 
boats, and I have designed the channels, locks and piers with this end in view. bee 
Plate 37.) 

Canal cutings are 200 feet wide at bottom, with 22 feet depth of water, and flat 
side slopes rising 1 vertically to 2 horizontally. 

Submerged channels, i.e., channels dredged through shoals in the bottom of the 
river, are all 300 feet or more in width both in rock and earth. They have range 
lights to indicate their centre, and permanent cribwork marking piers along their 
sides instead of floating buoys. On each curve the permanent piers are placed at 
intervals along its edges and provided with lights. 

The size of all narrow portions is made amply large to prevent currents exceed- 
ing 4 feet per second, or 23 miles per hour. 

Curves or bends in the channel are all of one mile radius, but in twenty cases 
about one-half mile radius has been absolutely necessary. An inspection of plate 35 
will show this to be the average radius of the path of boats passing the quickest bend 
on the lakes. 

The St. Mary river, 50 miles long from the Soo down to Detour on Lake Huron, 
has been navigated for years at its worst point, the Neebish bend, with extremely 
tew accidents, by thousands of lake boats meeting one another both day and night 
in clear weather, fogs and snow storms. (See Plate 85.) The Ottawa channel is 
in all respects equal to this stretch, or to the St. Clair and Detroit river channels 
between Lake Huron and Lake Erie. 

These well known lake channels were thoroughly examined, and their proportions 
of width and depth investigated by the United States Deep Waterways Commission 
in 1901. They reported that a 22 feet depth and a width of 300 feet was sufficient, 
but that a constant effort should be made to straighten and widen the bends, and 
to increase the width to 600 feet whenever the cost could be undertaken. 


LOCKS. 


When it is necessary to raise a boat: from a lower level to an upper level, a lock 
must be resorted to. 

A lock is a large concrete box or basin with steel doors called ‘ lock gates’ at 
each end. The bottom of the lock is level with the canal bed below, so a boat draw- 
ing 20 feet can sail in when the lower gates are open. (See Plate 19A and cuts of 
model of lock.) 

The upper end gates of the box are closed, and dam back the upper level. Now 
close the lower end gates and admit water from above, by a system of valves then, 
as the surface gradually rises, the boat floats up with it till the upper level is gained. 
Now open the upper gates and the boat can proceed to the next lock. 

In descending, the boat enters the full lock, the upper gates are closed, the water 
is let out through sluiceways, and the boat slowly sinks with the water surface in the 
lock chamber. 

This dock, or lock, or two-level basin, was invented by Leonardi da Vinci in 1500, 
and endures to the present day. 

Mechanical lifts of many kinds have been built with great deuce and, with 
caution, scows of perhaps 500 tons weight may be lifted by them; but the ponderous - 
laker,—the cargo and boat weighing 16,000 tons, and worth hate a million dollars, 
could not, in the present state of science, be risked in any elevating machine. More- 
over, elevators need only be resorted to when the water supply is exceedingly limited. 
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Length of Locks.—As to size of lock, Diagram, page 61, indicates that lake 
boats have attained a length of over 600 feet. Of course, the longest boats are to be 
considered as special craft employed in the iron ore trade only, but occasionally one 
of the ‘ big fellows,’ as they are called, is chartered for grain, and may, consequently, 
seek the Ottawa route. Their load is so immense (425,000 bushels) and carried with 
such great economy, that, although only one or two may pass per year, they cannot be 
neglected, and so the length and breadth of lock have been made sufficient for their 
accommodation. 

The locks at Sault Ste. Mary are the types to be considered in fixing the length 
and width. From Plate 37 it will be seen that the locks built or projected there are 
the largest in the world. 

The Poe lock, 600 feet x 100 feet wide and 21 feet depth on sill (1896), was intended 
to accommodate four vessels, two abreast, but the freighters have outgrown the size, 
400 feet x 45 feet. At any rate, the berthing of vessels side by side is a time-losing 
operation, and the proposed American lock, 1,400 feet x 80 feet wide, will after the 
example of the Canadian lock (900 feet x 60 wide) admit vessels one behind the other, 
tandem fashion. 

While the Ottawa route locks may well be 650 long to admit the long freighter 
of the near future on 20-foot draft, it does not seem to me advisable to build them 
long enough for two such boats, nor even for two 350 to 400 ft. boats. Nothing at 
present points to a sufficient trade to overtax single locks within the next thirty years. 
inlargement then would be best directed to placing another lock alongside the existing 
one, so up-bound boats would use one, and down-bound the other. 


The new Welland and St. Lawrence locks, 255 x 45 (1870 to 1899), were found 
to be 100 feet too short for existing boats before completion. The Weitzel lock, 515 
x 80 wide (1881), was exceeded about 1900, since when vessels 600 feet long, carrying 
9,000 to 14,000 tons of pay freight, have come into the trade. There is no indication, 
however, that while the draft of 20 feet (West Neebish, 1907) obtains, the length will 
be increased beyond 625 feet. 


An inspection of Plate 194, or 20, will show the double gates at each end of the 
lock, the outer ones being a safe-guard. By using only the outside gates at the lower 
end a boat over 650 feet long may be passed occasionally. (See cuts of model of lock.) 


Width of Locks——A too great length of lock means greater cost to no useful pur- 
pose, and a longer time to fill and empty. Excessive width, however, is a more for- 
midable matter, because each gate leaf becomes wider and must be heavier. Each 
leaf also transmits greater stresses to the lock walls. (See Appendix E page 457.) 

Width very much greater than the beam of the vessel that enters is not desirable, 
because of the diagonal blows given by the boat. ‘These, of course, injure the lock 
walls, but greater injury is sustained by the steel plates of the boat itself. On the 
other hand, a too narrow lock requires that vessels force themselves in under full pro- 
pulsion power. When leaving, the water is forced out momentarily, and the keel may 
drag over the sill. 

A margin of 2 feet on each side between the vessel and the lock wall seems ample. 
Boats are not made wider than 60, owing to the reach of unloading machines at lake 
harbours, but they are built up to this limit, and a few cannot enter the Canadian Soo 
lock, 900 feet x 60 feet wide. 

A width of 65 feet (see Plate 20) is sufficient for the big freighters, and will 
allow a tug to remain alongside its barge when towing it ‘ under the wing.’ 


Depth on Miter Sills of Locks—Ample allowance beneath a vessel’s keel is always 
desirable. A boat is said ‘to squat’ or settle down when in motion. If drawing 
loaded 19 feet at the dock, the draft will be 20 feet when the propellor is moving. If 
a vertical steel plate, 60 feet long and 20 feet deep, were forced broadside on through 
the water at 18 feet per second (124 miles an hour), the commotion caused by a ship 


72 DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., A. 1909 


would be imitated. There would be a piling up of water in front, an escape at each 
side, and a flow into the depression behind. 

Between a vessel and the channel bottom there is a tendency to compress the 
water, making the boat tremble as though it were moving on rollers. This tends to 
sweep loose stone and débris into heaps upon which the flat steel bottoms of heavy 
carriers may scratch and grind. 

-A minimum depth of 22 feet has been allowed over the top of the miter sill 
against which the lock gates close. The lock floor is still lower. 


Lock Pits——It has been the aim to secure solid rock foundations for all locks. 
Happily, this has been obtained, avoiding complications and enginvering difficulties, 
which are always productive of waste and dissatisfaction. It has been said that 
‘nothing is permanent, except in so far as it accords with natural conditions.’ 

Wherever possible, it is proposed to cut out the lock chamber in sold rock, using 
the natural rock, evened up, of course, with concrete, as the sides of the chamber. 
This method was first proposed by the writer in 1899 for the French river navigation. 
It was made possible by the introduction of channelling machines, which cut a slot in 
the rock along the edge of the proposed excavation before blasting is begun. When 
the rock is blasted and taken out, the sides of the excavation are smooth and vertical, 
instead of rough and rugged. Channelling machines have been extensively used.on 
the Chicago Drainage canal, where miles of the side are smooth and vertical. (See cuts.) 


Lock chamber walls.—When the rock surface is too low, the lock wallis built up of 
massive concrete founded upon the rock. This method of construction is now 
employed in hydraulic power development for power-house walls, wheel-pits, &e. 

Concrete alone, deposited in mass, is proposed for the lock walls including their 
coping, for the hollow quoin barrels in which the lock gates turn, and for the lock 
floor, its filling conduit and the miter sills. My experience convinces me that cut 
stone is less durable and more expensive than concrete, so quite unnecessary. 

Large boats have been bumping for years against concrete walls without stone 
copings, and northern winters have made persistent attacks with only such minor 
injury as could be repaired conveniently, cheaply and well. . 

The hollow quoins and miter sills are the ledges against which the heel and bottom 
of the lock gates press while supporting their load of water. Concrete supports con- 
centrated loads of buildings, of bridges and of dams without crushing or chipping; 
why then should it not support similar loads applied by steel lock gates? 

For dimensions of lock walls, see Appendix E. 


Entrance Piers at Locks.—The first requisite of a lock is safety, the next sim- 
plicity, and the next speed of operation. The time required to lift a boat is not so 
much dependent on the rapid filling of the lock with water as upon the time lost in 
cautiously entering and berthing the boat itself. 


The boiled down experience of the Great Lakes’ practice at the Soo is that a long 
pier should be provided above and below each lock. The face of pier should be the 
direct prolongation of the side of the lock, so that a boat can slip along the pier in a 
straight line to the lock chamber. 

Heretofore it has been the custom to provide walls, splaying inwards like a funnel, 
to the lock, and these walls have been built of concrete. It has been found, however, 
that boats glance diagonally from these walls, inflicting blows upon the lock wall and 
constantly dinging in their steel plate sides. 

I have, therefore, adopted straight lead piers of crib-work below water surface, 
with concrete walls on top. This type is very lasting, and preferred by lakemen to 
walls of concrete from the bottom up, because boats receive less injury during the 
season. The Canadian and United States governments have adopted this type at 
the Soo and other places. It is worthy of remark that, on the American side, wooden 
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cribwork alone has stood thirty years of very heavy service. (See lock sites, Plates 
38 to 45, and cross section of pier, Plate 19a.) 

These walls extend 2,000 feet above and 2,000 feet below the lock where possible; 
a length sufficient for a couple of boats 600 feet long to tie up along and await their 
turn for locking. The pier is only provided on one side of the channel, the other 
side being left completely open, so that a long boat leaving the lock has a sufficient 
width of channel to get out of the way of an in-coming one. 

The greatest danger to a lock exists when a down-bound boat refuses to stop 
‘through defective machinery, and crashes into the lower gates, which are already 
supporting a great height of water, and receive, in addition, the impact of the boat. 
The entrance piers are provided with snubbing posts, to which the moving boat may 
attach lines, that, even if they break and do not stop her, will check her speed. 


Lock Gates—The movable dams at each end of a lock are the gates. They are 
pivoted on each side of the lock and shut like a great pair of double doors, the two 
leaves coming together like an arrow head, pointing up-stream. They act like roof 
rafters against the thrust of the water’s mobile weight, and transmit it to the side 
walls. (See cuts of model of lock.) 

In Canada, lock gates have heretofore been made of wood, but steel gates are to 
be used throughout in this project, Mr. Goldmark, who designed the lock gates for 
the United States deep waterways, 1901, has designed the steel gates for this project. 
(See Appendix C and Plates 32 and 33), and Mr. Matheson has prepared the table of 
weights. See Appendix F. 

Their construction is simple, each leaf consisting of two vertical posts; the pivot 
post being called the ‘heel post,’ and the other one the ‘toe’ or ‘ miter post.’ Every 
3 feet from the bottom upwards horizontal steel girders, 4 feet wide, 4 inch thick 
and about 35 feet long, stretch from ‘heel post’ to ‘toe post,’ forming a gridiron. 
frame, to which steel sheeting is riveted. See Plates 32 and 33. 

Hach leaf revolves on a spherical pivot casting set on the lock floor. The bottom 
of the gate heel post is provided with a shoe casting, hollowed out to fit accurately 
on the pivot. At the top of the heel post is a steel pin, that revolves in the eye of 
a projecting arm anchored back into the lock wall. The gate is supported on these 
. two attachments only and hangs free, there being no rollers under the ‘ toe.’ 

With a view to water-tightness, the heel post is of oak, and the contracts 
between the bottom of the gate and miter sill and between the miter faces are also 
of oak. See Plates 32 and 33. 

The gate-heel is semi-circular, 20 inches diameter, formed of two oak posts, each 
a quarter circle fitted into each angle of a T-shaped steel column. See Plates 32 
and 33.) . 

The post only fits the hollow quoin (hollowed-out corner) when closed and bear- 
ing the water pressure; a slight eccentricity in the pivots allowing the gate to swing 
open without friction against the quoin. 

The miter of each gate is faced with an oak plank that, like the sill contact, may 
be renewed. It is important that the miter faces should be as wide as possible to 
prevent the gates accidently closing past each other. 


The following from Engineering News, 1906, vol. I., page 238, is an extract from 
the minority report, Panama Canal, and clearly states the dangers at locks and the 
latest engineering practice in meeting them -— 


‘Safety of locks and other structures.—An accident to gates, if it occurs is 
most likely to result from a mistake in the engine-room, the engineer sending the 
vessel ahead when the pilot signals to back, and then the pilot, noticing that the 
ship’s speed is not being reduced, and not realizing that the previous signal is 
not being carried out, signals for full power, or perhaps signals so rapidly that 
he cannot be understood. One or the other of these successions of events has 
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usually taken place when a ship has run into lock-gates. The carrying away of 
a lock-gate occurs but rarely, but it has occurred three times in the Manchester 
canal. It has never occurred in the St. Marys Falls canal.’ 

‘In the Manchester canal the gates at the lower end of the lock were struck, 

the upper gates being open, the ship moving downstream, but in all cases the 
operating force was able to get the gates at the head of the lock closed, or so 
nearly closed that they came together and held back the water in the canal. 
Tf the accidents at the Manchester canal show that gates may be struck and 
destroyed, they also show that disaster may be averted even without special safe- 
euards. Of all the possible movements of a ship at canal locks the one that 
involves the most danger of opening a summit level is when a ship bound down 
in that level approaches a lock, but by proper safeguards this can be made very 
small. If a gate is struck by a ship upward bound the water pressure on the 
opposite side of the gate helps to resist the blow. By the use of two pairs of 
gates at each end of the summit lock, all danger of opening the summit level by 
a blow on the downstream side of the lower gates is eliminated, as will be shown 
a little further on.’ 

‘The canal construction should provide long approach walls at each end of 
every lock or flight of locks so that lines cans be put out quickly and handled 
readily and the ship held under perfect contro]. For this important purpose a 
long solid pier with suitable snubbing posts is vastly superior to mooring piles 
and floats, such as are used in some foreign canals.’ 

‘With suitable approach piers and with rules duly enforced requiring ships 
to put out lines on arriving at the pier and to reduce speed to two miles per 
hour when moving along it, or to stop altogether several hundred feet from the 
lock, a great degree of security can be obtained. Such approach piers are pro- 
vided in the lock plan herein recommended.’ 

‘This plan also provides two pairs of gates at the head and two at the foot 
of each summit lock, so that a ship will always find two pairs of gates shut 
against it.’ 

‘Tf the summit level is terminated by a single lock and the lower gates are 
struck by a ship upward bound, the gates at the upper end of the lock being 
open, the lower pair of gates at the foot of the lock having water pressure back 
of them will absorb the blow, and even if they are wrecked the second pair of 
gates, some 80 feet distant, will not be reached. The resistance offered by the 
first gates will almost surely stop the ship, and the rush of the mass of water, 
80 feet in length between the two gates, will insure stoppage before it can reach 
the second pair. If the lower end of the lock is open and the upward-bound 
ship strikes the first pair of gates at the upper end of the lock, its motion will 
be stopped by these gates, the mitre wall and the water, and the second pair of 
gates will be left intact. We believe, therefore, that by the use of duplicate or 
safety gates at each end of the summit lock, all danger of opening the summit 
level by an upward-bound ship will be eliminated’ (See cuts page 7 1) 

‘Tf a downward-bound ship is approaching the gates from the summit level 
it will find at least two pairs of gates closed against it, of which the first will 
be sustaining no water pressure to weaken the strength available to stop the 
ship. While this case does not afford the absolute security shown in the case of 
ships moving upstream, the possibility that the the ship will so completely wreck 
the first pair of gates as to continue its course to the second and seriously harm 
them, is extremely small. A large lock-gate is a massive structure, not easily 


wrecked. The gates of the Poe lock have been struck three times and injured 


more or less, but they continued to support the summit level.’ 
‘The provision of duplicate gates at each end of a lock, herein adopted, is 
an unusual precaution. It has been recently adopted in part at the St. Mary’s 
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Falls canal, where duplicate gates are now operated regularly at the lower end 
of the Poe lock, but the upper end is not similarly protected. In the additional 
lock now projected at that canal safety gates are to be provided at each end. 
The approach piers, the extent of which greatly affect the safety of a lock, are 
excellent at the St. Mary’s Falls canal, and far better than at any other ship 
canal, and doubtless have contributed to the remarkable record of immunity from 
serious accidents.’ 

‘This canal has now been in operation a little more than fifty years, and a 
traffic aggregating about 360,000,000 tons net register has passed through it, with 
no accidents seriously obstructing navigation. It is the best example existing not 
only of the capacity of a lock canal for a great traffic, but of the safety with 
which this traffic can be handled with suitable equipment.’ 

‘But it must be remembered that it is easily possible to block a sea-level 
canal by the sinking of a vessel in its channel, either by design or by accident, 
such an accident, for instance, as that which caused the steamship Chatham 
to absolutely block the Suez canal and suspend all traffic through it for a period 
of nine days, from September 27 to October 6, 1905.’ 

‘This accident occurred in time of peace in a sea-level canal, 36 years after 
its completion. During the period of 50 years since it was built there has been 
no such protracted interruption of traffic in the lock canal connecting Lake 
Superior with the lower lakes, and the delays in the channels away from the 
locks have constituted the most serious interruption to traffic on that waterway.’ 

‘With duplicate locks, as proposed for the Panama canal, navigation would 
seldom be delayed at the locks, as it would be extremely improbable that both 

of them would be out of use at the same time. In an appendix information is 
also given respecting delays to navigation in the excavated channels of the St. 
Mary’s and St. Clair rivers. These channels are much wider than the sea-level 
canal would be, yet they have been blocked on several occasins. In one instance, 
when the blockade continued for five days, 332 vessels were delayed, and the 
loss to navigation amounted to a large sum, estimated to be $600,000. The loss 
in such a case increases very rapidly with the density of the traffic. In compar- 
ing the two projects it must be kept in mind that the broad channels and dupli- 
cate locks make.a blockade almost impossible on the summit-level canal, while 
the narrow waterway of the sea-level canal is far more liable to interruption.’ 


Lock gate operating.—To open and close the gates a rigid steel arm is attached 
to each leaf. The arm is forced in and out of a chamber in the lock wall by a fixed 
pinion meshing into an attached rack bar. 

Electric power is provided for, with a hand gear for use in case of breakdown. 

Estimates for a direct single stroke hydraulic gate arm were made by Mr. Hay- 
cock. (See appendix H), but the expense was too great, and the water would have 
to be replaced by oil during freezing weather, as is done at the American Soo locks. 

‘The arm for gate operating by electric power was introduced by Mr. Monro on 
the Soulanges canal, and is far preferable to the wire rope and pulley system. 

Every lock is provided with 4 sets of gates—two pairs of upper ones and two 
pairs of lower ones. Now, take the most dangerous case, a boat entering the lock 
from above, with both pairs of upper gates open, and suppose that, by accident, she 
crashes into the first pair of lower gates. They will certainly be liable to injury, but 
being of steel, they will bend and twist before breaking, and the bow of the boat 
will have its plates cut and torn open. (See cuts page 71.) 

All this will absorb the shock, and tend to sink the boat’s bow, so it is hardly 
conceivable that much damage will be inflicted upon the other pair of lower gates 
which are 57 feet beyond, This system of double gates has been in use at the Poé 
lock, American Soo, for many years, and, although boats have rammed the gates, 
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there has never been a serious accident. Double gates practically obviate the neces- 
sity of guard locks. (See page 102.) 

A boat bound up that collides with the lower gates of a lock tends to force the 
gates apart, but, when the lock is full, the weight of water tends to shut them, and 
the blow being absorbed, the boat is shot back. This actually occurred at the Poe 
lock, American Soo. | 

If the lock is empty, and the lower gates open, then an unmanageable boat enter- 
ing from below will collide with the breast wall of the lock, and never touch the 
upper gates. (See cuts page 71.) 

Long approach piers and double gates of steel, instead of wood, are the safe- 
guards provided to prevent serious crippling at the locks, which, of course, are 
vulnerable points in a navigation scheme. The only further safety would be to con- 
struct two locks side by side; then, one being injured, the other could pass the up and 
down traffic pro tem. 


Lock filling and emptying—The filling and emptying of locks is accomplished 
in many different ways. For the large locks at the Soo a tunnel beneath the floor is 
connected by a movable gate or valve with the upper reach, and when the valve is 
open the tunnel is rapidly filled, and the water spouts up through openings into the 
lock chamber. 

On the Soulanges canal, Mr. Munro introduced a system similar to that used 
on the Manchester ship canal, where longitudinal tunnels in each wall are connected 
by a number of pipes with the lock chamber. Through these the filling water rushes 
horizontally, the pipes on one side discharging opposite those on the other, so that 
the currents tend to counteract each other, and the lock fills without commotion and 
consequent surging of the boat upon its holding lines. 

As the lower part of the proposed lock walls are the natural rock, it would be 
difficult and expensive to excavate wall tunnels; therefore, I have decided to fill from 
a tunnel underneath the centre of the lock in a manner similar to that used at the 
Soo. There is this difference, however; instead of filling the culvert at the head of 
the lock, the water is made to enter at the side, falling through a vertical chamber 
connected with the central culvert. This obviates strong currents at the head of the 
locks, which, at the Soo, tend to pull waiting boats away from their moorings. 

The governing valves are also simply operated and more easily inspected. The 
valves at the Soo are 30 feet below water surface, while in this project they need only 
be from 6 to 10 feet beneath. (See Plate 19A.) . 

To empty the lock, outlet tunnels with valves will be provided. These valves 
will be placed just below the surface of the lower reach. 

Valves are the movable partitions or gates that throttle or control the flow of 
water into or out of lock culverts. The ordinary house tap is a valve vlosing or open- 
ing a small pipe, but with the locks of this project the conduits are tunnels 10 feet 
square. The pressures on the valves in these culverts are very great, amounting in 
some cases to 150 tons, or over 20 pounds per square inch. 

Five kinds of valves are commonly used for locks: 

The flap valve, z.e., a trap door of steel hinged to the side of the tunnel and locked 
by a spring catch agains the weight of water. When the catch is released, the water 
forces the trap door open and rushes through. It would require great power to close 
such a valve against high pressures. 

A sliding valve is one that slides across the opening like a steel sliding door. The 
difficulty with this sort is, that the weight of water presses it so firmly against the 
opening that it drags very hard, unless a net of rollers, ball bearings or wheels are 
provided to reduce the friction. In the larger sizes for locks the rollers must be of 
a very hard steel, and the tracks upon which they are run must be mechanically true 
—a condition that is difficult to maintain under the constant wear of service. The 
Stoney valve and the coffin valve are of this type also the wagon valve. 
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The drum valve may be compared to a wash-tub turned bottom up and covering 
an opening. Now, if-water stood all over and around the tub, it could not enter the 
pipe until the tub was raised, when it would flow in all round underneath the rim of 
the tub. These valves are constructed of steel, and are lifted by a vertical shaft, guide 
posts being provided for them to slide in. The Fontaine valve is of this kind, and 
also the Cluett. 

The sector valve resembles a buggy top. The convex or the concave side may be 
placed against the water pressure, and either way the weight is transmitted to its hub, 
These valves are built up of steel, and work effectively, but are liable to rock from 
side to side when water is rushing through. 

Mr. A. J. Matheson, of this survey, has designed a valve that is perfectly balanced 
and without moving parts. It is clearly shown in the sketch, page ‘77. 

Lastly, the butterfly type, like a door turning on a central post, or a turn-stile. 
For these large locks the vertical post is a steel shaft 8 to 12 inches in diameter, to 
which are attached horizontal steel ribs that support the steel sheeting. The vertical 
shaft is carried on bearings so that practically no weight is supported by the foot pivot. 
It is produced up to coping level, and a long steel lever, similar to a tiller, turns the 
valve like the rudder of a ship. The motor will be set at the end of the arm and 
engage into a curved rack rail, and thus a great excess of power can be secured. 

In the Chicago Drainage canal the whole flow may be held back by an immense 
butterfly, 184 feet long and 30 feet high, which rotates on a vertical axis. Valves of 
this type but horizontal have been used on the St. Lawrence canals and at the Soo 
locks, where they are 8 feet x 10 feet, and operate under 18-foot head. (See Plate 19a.) 

After much consideration I have chosen the butterfly valve as having no moving 
parts and being strong, steady and simple. An operating arm can be keyed directly 
to the central shaft above the water surface, where it is constantly open to inspection. 
One-quarter turn opens the valve completely, and it is so solid and strong that ice, 
chips, and even sunken logs, cannot do it injury. 

The time required for a boat to make a lockage is chiefly due to slowing down 
from full speed and coming to a stop in the lock chamber. This matter was very fully 
experimented on by the United States Deep Waterways Commission in 1901, and 
since this, further experiments have been made at the Soo for the Panama Canal Com- 
mission by Mr. Ripley;, the boiled-down experience being that a lake boat going 12.5 
miles per hour will come to a full stop in the lock in a distance of half a mile, t.e., from 
the end of the guide pier, which extends half a mile above and below each lock. This 
takes about 8 minutes; to shut the lock gates requires 2 minutes; to fill or empty 
the lock chamber requires 10 minutes; to open the gates again requires another 2 
minutes, and for the boat to get under way and attain full speed, 8 minutes, 7.e., 30 
minutes in all; but, owing to the caution required with large boats, a lockage is con- 
sidered to consume 45 minutes from head of pier above to head of pier below, provided, 
of course, that the boat is not required to wait for a preceding boat. 


Lock Electric Motors.—An electric equipment for locks has been reported upon 
by Mr. Chism in detail. (See Appendix D and Plates 22a, bec, G2.) 

Three-horse-power motors will be used in each case for lock gate operating and 
for valves, Central operating cabins can be used, but it is probably better to have 
a motor-man near the gate or valve that is being opened or closed, as unforseen cir- 
cumstances occur that require action on the spot. 

Storage batteries will suffice for all the locks between Montreal and Des Joachims, 
as electric generating stations are always close at hand to fill the batteries during 
day time. Three storage units will be placed at each lock sufficient for power pur- 
poses and lighting for 48 hours. 


Lock Lighting—Enclosed are lamps are provided for each lock and the entrance 
piers above and below. 
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An acetylene lighting system has also been estimated for by Mr. Haycock. (See 
Appendix I.) 


Lock Mooring Posts, Ladders, etc.—Mooring posts or bollards of cast-iron set 
in concrete are placed at about 50-foot intervals along each side of the lock, and 
extend the whole length of both upper and lower entrance piers. 

A life-saving equipment is provided for, consisting of ladders set in the face of - 
the lock and pier walls, with chains strung between and railings where required. 


DAMS TO RAISE SURFACE AND CONCENTRATE FALL. 


The lock to raise large boats from one channel to another having been described, 
the type of dam best suited to concentrate the existing river into convenient levels 
or reaches will be investigated, with a statement first regarding the general project 
of raising water surfaces. | 

If an existing stretch, like Lake St. Louis for instance, is over 22 feet deep at 
lowest water, then no further work is required, but if the lake is only 16 feet deep, 
then 6 feet must be dug or dredged out of the bottom, unless, happily, the water 
surface can be raised and kept 6 feet above low water. It generally proves very much 
cheaper to raise the water surface by building a dam across the outlet than to tediously 
dredge out a channel; so it has been the aim throughout to raise each reach to high 
water mark, or as high as the adjacent land will permit. 

Moreover, when a channel is dredged, the cost prohibits a wider shipway than 300 
feet, but, when the surface is raised, the whole width, or a good part of the width 
of the lake, is available for a shipway. The more water too there is between the keel 
of a boat and the river bottom, the faster she will go for the same expenditure of 
coal, and the safer she will steer. Increased width and depth add greatly to the speed. 

When a channel is obtained by raising the water suface, the money expended for 
damages represents a distribution of wealth throughout the community instead of 
payments to individuals for work done. j 

Flat banks with towns, villages or large manufactories, of course, prohibit a rise 
of surface above ordinary high water asageneral rule, but steep, uninhabited shores 
admit of much higher surface raising, in fact the ancient full bank regime may be 
reinstated. 


Types of Dams.—This raising of the surface is produced by building dams, and 
a considerable study of types was made to secure a safe and everlasting structure 
that would for all time obviate the possibility of a disaster like that at J ohnstown, 
Pa., 1890. 

Dams may be roughly divided into two kinds; fixed or permanent dams, and 
movable dams, which can be raised or lowered at will, If it is intended to have water 
flowing over a dam during flood periods, it must be constructed of timber, masonry, 
concrete or steel, so that the top edge will not be washed away. 

When the water has a means of flowing past the dam instead of over its top, as 
through sluiceways or conduits, then an earth dam may be constructed with its crest 
well above the highest possible water surface. 

The great earth dam for the Panama canal at Gatun will be 115 feet high, with 
its crest 80 feet above the surface of the lake it creates, and its base half a mile in 
width. The foundation is a deep soil, and the dam will be made of dredged mud 
pumped to place through pipes. During construction, the Chagres river will be 
passed by a special channel, and only after completion will the water be alowed to 
collect within. Sluiceways will carry all the tropical floods. 

The Ottawa project, however; does not admit of earth dams, because at some 
points earth is not cheapy attainable in quantity; moreover, earth could not be 
deposited in a rapidly running stream, and there is no means of passing the river 
flow during construction. 
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Oribwork dams have been much used in Canada. They consist of a large box, 
or succession of boxes, made of timber, and filled with stone until they sink to the 
bottom. The top is then covered with a timber deck or apron, over which the water 
flows. Oarillon is a notable example. Unless these dams are kept constantly wet, 
the timber decays, and ice and saw logs passing over injure them continually. The 
height of this sort of dam is limited to 20 odd feet generally. 

They are difficult to place in rapid water, and the cribwork will bridge over holes 
in the river bed, leaving cavities that cannot be filled. 

A concrete dam is becoming very usual, especially for water power developments. 
The bottom of the river must be laid dry by means of coffer-dams to construct them, 
and a good foundation must be secured. They are liable to burst explosively during 
great floods, as at Austin, Texas, or to be scoured under by unseen leakage, and, 
when long and high, concrete dams are expensive. 

Another type of dam is the steel-plate dam. It consists of a sloping steel-plate, 
upon which the water rests, the supports being steel ‘A’ frames beneath the tight 
face. Dams of this type—200 feet in height—are being used in irrigation work 
through the American southwest. Like a concrete dam, the bed of the river must be 
laid dry, so that the bottom edge may be attached to the river bed by a concrete base. 
When the length is great these dams become expensive, and coffer-dams, with the 
usual uncertainties are required to secure a dry bottom for their construction. 


After examining closely into various types, the writer concluded to revert to a 
simple huge rock-fill, as suggested by him in 1899 for the French river navigation. 


The Ottawa river, at the localities where I propose dams, has not only worn its 
channel through the clay, but has cut deeply into the bed-rock; therefore, there is 
but little trouble to be expected from scouring. Moreover, the great quantities of 
rock to be excavated can be at once deposited in the dams, and the work proceed 
uninterruptedly winter and summer. 

It is proposed to stretch a cableway across the river at the dam sites. No coffer- 
dam at all is required. Loose rock in large and small sizes will be carried out in 
aerial skips and let fall into the river till a great bank is gradually built up, the water 
rising with it and thoroughly scouring and compacting the mass until it finds exit 
through the sluiceways, which will have been previously built for its passage. These 
sluiceways are of the common stop-log type so familiar to residents of the Ottawa 
valley. 

The rock-fill will be enlarged, so that both the upstream and downstream slope 
fali away one foot vertically in two feet horizontally or at a 2to1 slope. The top 
width will be 20 feet at 5 feet above the water surface. (See estimate plan 24.) 

This huge rock bank becomes really a part of the geology of the locality. It 
cannot overturn like a masonry wall, nor can it slide upon its base. If the river 
bottom scours out beneath it to any extent, the loose stone settles into the cavity, 
and if by accident water pours over the top of it, the loose rock will not be eaten 
away to any great extent. Under no circumstances will the dam burst suddenly, and 
subject the people below to a disaster like that at Johnstown, Pa. 

For the purposes of the project a certain amount of water must pass, and the 
leakage, therefore, does not represent a loss. If, however, it is desired, the embank- 
ment can be staunched on the upstream face, by covering it first with small-sized 
stones, then possibly with gravel, and finally with a thick layer of earth stretching 
out on a 3 to 1 slope, and, if necessary, quantities of sawdust or shingle shavings 
can be used to secure tightness. 

Rock-fill dams are used in India and also in. the western states, where, how- 
ever, a core of concrete, steel or wood is frequently used to secure tightness, as the 
water is stored for irrigation purposes and every drop is valuable. For our purpose, 
however, a core of any kind—masonry, concrete, earth, &c., would introduce com- 
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plication in construction and be less enduring and less easily repaired than the up- 
stream slope of earth, , 

There are examples in the mountains of rock slides causing dams; a recent 
remarkable example being the Frank slide, Alberta, which completely obstructed the 
Old Man river for a time. 

Across the Winnipeg river, near Kenora, is a notable example of g rock-fill dam 
built by dumping from cars. It was constructed 15 years ago by Messrs. John and 
Wm. Kennedy, and, at the present day, supports an 18 to 20 foot head. The sluice- 
ways are closed by stop-logs, and altogether it closely resembles the style of dam and 
regulation that I propose. (See cuts.) 


REGULATION SLUICES FoR REACHES 


Although the dams pen up the river into reaches or lakes, there still exists a 
constant flow of water not noticeable, it is true, in wide, deep sections, but never- 
theless amounting to many thousands of cubic feet each second, This bulk of accu- 
mulating water must be given an outlet or the level would {jl up and overflow, caus- 
ing floods and damage. / 

Sluiceways are provided for this outlet, and a consideration of various matters 
connected therewith was made. (See Plate 21.) 

When water pours over the crest of a dam in a sheet, a foot deep, about 34 cubic 
feet tumble per second along each foot, and if the crest is 10 feet long 33 cubic feet 
pass each second if 20 feet long 66 c.f.s., and so on. When, however, the sheet is 2 
feet deep, then a 20 foot length of crest passes nearly 185 c.f.s., and a sheet 4 feet deep 
will pass 528 ¢.f.s, over a 20 foot length of crest. (See Plate 27.) 

It will be seen that the volume increases rapidly as the depth becomes greater. 
The allowable depth flowing over the dam, however, cannot well exceed 8 feet or 10 
feet, because the tons of water falling over produce tremors, and also pound away the 
foundation on the lower side. 

The depth on crest being limited, a great length of crest must be depended upon 
in order to assure passing a large flow. For the Ottawa project crests from one-eighth 
to half a mile would be necessary, and as this great length would be necessarily built 
_of concrete or some solid material equally as expensive, another system was sought. 

Again, if an overtopped dam were used with, say, 10 feet passing over in flood 
time, then during low water, only a foot or so would be passing, and the whole surface 
above would have fallen nearly nine feet ; an intolerable condition for first-class 
navigation. 

Large pipes governed by valves are used to regulate smaller reservoirs, but the 
great volumes to be handled on this project prohibited their use. 

Stoney, an English engineer, introduced a deep broad sluiceway, which he goy- 
erned by a vertical gate that could be hoisted up clear of the water surface, allowing 
full flow, or it could be dropped down to completely close the opening. Sluices 50 
feet wide and 20 feet deep are in service of this style. (See Plate 24.) 

Untortunately, Stoney sluices are expensive, and ice conditions are against their 
use, in some locations. An estimate for different widths and depths was made by 
Mr. Goldmark. (See Appendix G.) 

A wide, deep sluice was adopted, but closed by stop-logs instead of steel gates. 
A width of 20 feet was designed by Mr. Matheson. (See Plate 21). And he has also 
prepared a table of the volume each can pass. (See Plate 27.) 

Each dam, then, has a battery of sluiceways to pass the regulated flow of the 
river and an excess of from 25 per cent to 50 per cent in order to provide for excep- 
tional floods. 

To raise and lower the stop-logs, a machine has been designed by Mr. Haycock 
(Plate 214.) This consists of a housed-in car, that can be moved along from sluice 
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to sluice, equipped with gears that operate two vertical ratchet bars simultaneously. 
These bars press down cr lift up one stop-log at a time. ; 

In a few instances, between two canal reaches, where the flow is small but requires 
to be quickly given twin culverts 6 feet x 6 feet, governed by Stoney valves, are 
employed. (See Plate 23.) 

Of course, butterfly valves, similar to those used in locks, may be substituted for 
the Stoney valves in these culverts. 


FLoop REGULATION. 


Tt remains to consider the question of flood regulation. There is only one source 
of water, whether it courses along in rivulets or springs up from the soil, z.e., the 
rain and snow falling from the clouds. 

The Ottawa valley or watershed is bounded toward the north by the height of 
land or crest of the ridge, which marks the commencement of the slope to Hudson 
bay. Along the west and south the ridge marks the slope towards the Great Lakes 
and St. Lawrence. The encircled valley is 55,700 square miles in area, all of which 
drains through creeks and rivers eventually into the main stream. The rain and snow 
fall within this area alone has to be considered. (See Plate 3.) 

Of the total area, 45,000 square miles lie to the north of the river, and 10,000— 
practically all in Ontario—to the south. The northern area from Montreal to Mattawa 
forms a rectangle 300 miles east and west by 150 miles north and south. Roughly 

speaking, this rectangle is divided in half by the Gatineau valley. 

The Western half or Upper Ottawa basin contains the large lakes—V ictoria, 
Expanse and Quinze, which are enlargements of the Ottawa on its way westwards 
into its north and south-lying expansion—Lake Timiskaming. Here the Blanche and 
Montreal rivers enter, and the whole continues south to Mattawa. ! 

Mattawa is at the head of the Ottawa channel, so far as this project is concerned, 
because, above this, the line runs up the Mattawa river and Trout lake to North Bay. 

From Mattawa down to Des Joachims—40 miles—the river is rough, plunging 
down 20 feet at Deux Riviéres, 70 feet at Rocher Capitaine and 40 feet at Des 
Joachims. This will be divided into three ponds or levels, the lowest one ending at 
Des Joachims, where a single lock steps down 40 feet to the level of Deep river and 
Pembroke. : | 

The lower Allumette lake will be raised to form part of this level, so that Pem- 
broke reach extends from Des Joachims 56 miles down to Paquette. 

At Paquette there is a step down of 20 feet to Coulonge Lake level, which will be 
extended down the Rocher Fendu channel to Rocher Fendu lock 2. Here there 
are two steps of 35 feet each, descending to the level of the Portage du Fort reach, 
ending at Chenaux lock and dam, where another 35 foot drop gains the level of Arn- 
prior lake, reaching down to Chats falls. A drop of 50 feet at Chats descends to 
Aylmer lake, extending down 32 miles to the locks at Hull, where two locks step down 
55 feet to a 60-mile stretch from Ottawa to Hawkesbury lock. Here a descent of 20 
feet reaches the Pointe Fortune level, and another of 40 feet gains the level of Oka 
lake, extending to Ste. Anne. This is the last or lowest reservoir of the Ottawa 
system. 

Now if these levels or ponds were represented by boxes of water set step-fashion, 
one above the other, and a stream of water flowed into the upper one, then, as the 
boxes filled, they would overflow step by step into each other, or a square notch could 
be cut in the edge of each one, through which the spilling would take place. These 
notches correspond to the regulation sluices placed in each of the dams. 

Tf the supply at the top were very great and the notch could not pass the water, 
it would rise and flood over the sides of the boxes. If the supply were an insignificant 
dribble, then the surface in each box would fall, and only very little water pass over 
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the notch. Indeed, with a bright warm sun, evaporation might lower the water sur- 
face below the notch, so that there would be no flow at all. 

Fortunately the Ottawa never becomes a dribble; there is always sufficient water 
for the project, so we are only concerned with high water and extreme floods, as in 
the year 1876 and the present year, 1908. 

Returning to the boxes, the bottom one represents Oka lake. If it overflows, 
Veudreuil and the surrounding flats would be badly flooded; therefore, only an inflow 
which will not overtax the capacity of its outlets can be tolerated. By good fortune, 
Oka lake has twice filled to just a fairly permissible level during this survey, and the 
outflow at that stage of water was measured at Vaudreuil, at St. Anne, at Back river 
and at St. Eustache, and found to be 155,000 cubic feet per second. This, then, is 
the permissible amount that can be alowed to flow in at the head of Oka lake, i.e., 
at Point Fortune. 

Now Oka lake receives two small rivers, the North river and Rigaud river, which 
combined contribute, say 3,000 ¢.f.s. to the lake during May, so it would be more 
proper to say that only 155,000 less 3,000, or 152,000 c.f.s. could be permitted to flow 
in at Point Fortune. 

The next reach—Point Fortune to Hawkesbury,—has no tributary, so at 
Hawkesbury we can still allow 152,000 e.f.s. to pass on. 

From Hawkesbury to Ottawa, however, several rivers contribute their quota of 
drainage. 

The combined flow of all these subtracted from the admissible flow at Hawkes- 
bury leaves, say, 90,000 e.f.s., as admissible flow over the Chaudiére falls. 

In this way the amount of water that can be allowed into the improved river at 
each point on the way upwards may be determined. 


The following list shows the admissible flow that may enter the head of each 


reach on this project :— 
Admissible flow. 
Cubic feet per sec. 


Otro, Okaiiakedin GCaincielh a oh) ame eee ote tras 155,000 
Riversiilowmne into Okalakelal «pik io See eae os 3,000 
Agmissible flow atiPointe: Fortune: = foe ne Succ oe 152,000 
Admissible flow into Pt. Fortune reach or past Hawkesb’ry. 152,000 
Rivers: flowing into Ottawa reach... {5.0 hs... ook. 60,000 
Aomissibletownat: Chaudiere: (4. wie tuo) lm oo kt 90,000 
ivers tlowmeintow\ vimerelakesic foe bas «6 acho bm 4,000 
Aonmesible fom at hater ler ake Ce eee et ene 86,000 
Hivers.fowing intowArnprior lake. ..2. 0.205. 32. a. 000 
aaissible tio AGC Henaux. oy ee en ae 69,000 
Rivers flowing into Portage du Fort and Rocher Fendu 

DEACHOG s, Sa tral GNU Aaa ROR facet “CEN canta gamma EMI Eo) OR 2,000 — 
dialed MsinOwsa LECou lone ci. jc Sieur cee ete wie A) ek 67,000 
iversallowine into Coulonge take, . 38.00) see 7,000 
Admissable flow at Paquette, taken at Spottswoods, includes 

Calbutetlomemyaste els). te Am oe) eee, al ue 60,000 
Rivers flowing into.Pembroke reach... .. .. <. .. 22... .. 8,000 
Admicsiple lowsat + Wes: J oachims? ou. =) ees ve ee 52,000 
Rivers flowing into Mackey reach.. .. .. .......... 6,000 
Aamissible, Nowsate Rocher Capitaine... > 2. 20th oso ck 46,000 
Rivers flowing into Bessitt’s reach.. .. .. ...... ..... 1,000 
Admissible flow: at. Deux, Rividres... 570. 2... 3s. + 48,000 
crisp ieeiowontMattawa o.. sccp eats he eee ts Seek 45,000 


Briefly, this means that the ordinary high water flow of the upper Ottawa may 
be admitted into the navigation system at Mattawa. This flow, by additions from 
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tributary drainage, will increase 15 per cent by the time it reaches Des Joachims, 
$3 per cent by the time it reaches Paquette, and 100 per cent by the time it reaches 
the Chaudiére at Ottawa. (See Plate 26.) 

The only flood on the Ottawa is during May and June, when the rapidly melting 
snows and early rains from the northern districts overcharge the numerous lakes and 
descend in conjunction to the main stream. The territory is a vast area of archen 
eranite, filled with lakes of three, six, ten and even twenty square miles area and 
covered with a dense lumber forest. (See Plate 30.) 

The greatest flood was in 1876, when the flow during the third week of May at 
Mattawa is estimated to have attained 111,000 c.f.s. This flood was due to a heavy 
snowfall late in April, followed by rains, causing all the tributaries over the basin 
to pour off in conjunction. (See Plate 25.) 

This year (1908) has been the nearest approximation to 1876, but only 87,000 
c.f.s. flowed at Mattawa; therefore, it is considered safe, but at the same time neces- 
sary, to provide storage sufficient for a year like 1876. 

After examination it was arranged to pass not more than about 45,000 c.f.s. 
through the proposed reach below Mattawa. | 

The convenient height to keep this Mattawa reach is about elevation 500. At 
that surface there is one minimum section of 16,000 square feet area, another of 
19,000 feet and another 23,000 square feet. Everything considered then, a flow of 
45,000 ¢.f.s. will pass these choke points at a safe and reasonable current for navigation 
purposes, i.e., well under 3 miles per hour. 


Again the 45,000 c.f.s. flow is added to, as has been seen on the 300 mile journey 
to Montreal, so that 155,000 ¢.f.s. empties out of the river, and this xeeps the lowest 
reach and the intervening ten reaches all at convenient surface heights. 

The first immediate storage necessary is to restrain an extreme flow of 111,000 
c.f.s. (1876) from 20,000 square miles, so that only 45,000 c.f.s. will require to be 
passed during May and June. We have not a discharge curve for 1876, the great flood 
year, but the following computation of flow that year is considered very ample :— 

Suppose the flood to reach 45,000 c.f.s. (regulated flow), May 1, and then to 
increase steadily to 111,000 c.f.s. (maximum flow, 1876) June 1, and then to decrease 
steadily to 45,000 c.f.s. (regulated flow), July 1. 

At Mattawa—Excess flow over 45,000 e.f.s., May and June, 1876— 

May 1 to June 1, 30 days, 45,000 to 111,000; average 78,000 c.f.s. 


June 1 to July 1, 30 days, 111,000 to 45,000; average, 78,000 c.f.s. 


The flood over 45,000 ¢f.s maximum admissible flow averages 33,000 c.f.s. for 
60 days. 


Excess of 33,000 e.f.s will cover 102 square miles a foot deep in 1 day (24 hours). 


Excess of 33,000 ¢.f.s. will cover 6,186 square miles a foot deep in 60 days (24 
hours). 


That is, 6,136 square mile feet of storage are required. Now, if a lake of that 
area (Ontario, for example) existed, it would only be necessary to build a dam and 
let its surface rise a foot in order to store this surplus or excess flow that occurs during 
60 days (May and June). 


Even a lake of 613 square miles area would effect the same end, if raised 10 feet. 
No single lake of anything like 600 square miles exists, but groups of lakes whose 
ageregate available storage is upwards of 600 square miles do exist. These groups 
of lakes, fortunately, aré so disposed throughout the drainage area as to be low enough 
to catch the run-off of their particular streams. If a lake be at the head of a river, for 
example, it cannot catch and hold the run-off of the valley miles below. 


GEORGIAN BAY SHIP CANAL SURVEY 85 


SESSIONAL PAPER No. 19a 


The principal main river expansions, with their storage possibilities, are: 


See 


Thickness 
anaes - Area, of Capacity. 
Storage. 
Group (1)— sq. mls. ‘EG sq. m. ft. 
akes— 
UE i Varner meet Seal Oat pe nae eater umm lima, hati ai 7} fe 
NROUGUER rey ar are ere Nas eee ccs ae Re ea, s Me Recah iN 65 11 700, 
SIR C eres cee ete eara ci ccre selves keh omaechs CRAs are yn Tie nD J 
cae (2) He 
SDRVTWABE Ai Ra icnn calc Cuatro Oya Or Ra ER Onn ee n= Lo ren Da 
EE SSATESO ner Move rereae Re TPS ees ae Gee WS alee ME Raa le Ee de } 100 5 
Group (3)— 
IRON caloey cetednent ots in 5 BARR ee oN ooh MPN Ea Oak oy rier ae 115 5 600 
SRIUETY 2 cet G10 Sires Uni em cA A meen er te de IO Oe. SEPM ae IN oh et Pa 1,800 


It is, therefore, necessary to seek further storage areas on the tributaries of these 
lakes, in order fo get the 6,136 square mile feet required, and, beginning with Timis- 
kaming, we have available: 


oe ae 
oo 


Sa SSS Capacity. 
Group (3)—TIMISKAMING Basin— sq. m. it. 
akes— ; 
DUGMUPOAs PINOT ACR uA nwt ont lad Sica len eo te dg ny Estimated available.... .. 600 
EST DMS RS ILC ING ae nmerec Ny dette eta rie A aka oe uGrede ee lee ee Estimated available . .... 1,900 
PROGR ens seco eee ie ANS aed Circa ae lar eos REDS Tae ER REN sr NE AT TR Le 2,500 


Adding these—(1,800 + 2,500) we have still only 4,300 sq. -m.f. so that (6,000— 
4300) 1,700 sq. m.f. more storage must be sought, and, turning to the tributaries of 
Quinze and Expanse, we find: 


SS ——_ Capacity. 
Group (2)—QuINzE—ExPANSE BasIn— sq. m. ft. 
Lakes— 
Purnibacks sil ctaOseva seer ae i skeen ec ater Clea an entre rari Estimated available.... .. 600 
BODEN eile ioe Cane crate tay enn wy Cul EN Uae ne ne ana LER eRe Estimated available.... .. 100 
HSNO oleras sev sues nel aerate aise AOR: Sate io Chau Rel sahel eg ae eatS Estimated available.... .. 300 
fe) 2 ie a PR ie Cee er aR CEA ery kre tc”), 4 Ue Oar ae Se aR Un ey ee ee 1,000 


We must ,therefore, search out storage on the tributaries of Rabbit, Victoria and 
Birch to the extent of 826 sq. m. ft.: 


Group (I.) Lakes above Victoria basin, estimated, 900 Sq sIin it 


Sufficient storage is thus seen to be available, so that even in an extreme year, 
like 1876, the run-off of which has been purposely exaggerated, it will be possible to 
manage the upper basin so that during May and June the flow into the Mattawa 
navigation reach will not exceed 45,000 c.f.s. 

It will be seen that storage above Mattawa really amounts to cutting off the 
so-called ‘north water.’ 

To illustrate this: the past spring (1908) a flow of 75,000 e.f.s. was measured 
at Deux Riviéres, May 19, but with proposed regulation this flow would not have been 
greater than 45,000 c.f.s., so 80,000 c.f.s. would have been held back from swelling the 
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flow of the main river on its way to Montreal. The reach itself (7-6 square miles 
area) has two tributaries, the Maganasibi and Aumond creek; the total drainage area 
being 460 square miles, so that no flood on top of the through flood’is to be feared, 
therefore it is not necessary to make impounding dams on the tributaries. (Plate 3.) 

Rocher Capitaine reach (area 4 sq. miles) has a tributary area of 115 square 
miles, Bissett’s creek being the principal inflow. The through flow leaving the end of 
the reach will not have increased over 1,000 c.f.s., and the width and depth allow of 
passing this flow at a very moderate velocity. 

Des Joachims reach (area 7 sq. miles) receives the first large tributary, the Du 
Moine, which is 65 miles in length. The local drainage area of the reach is 1,900 
square miles, of which the Du Moine constitutes 1,500 square miles. There are several 
lakes which equalize the Du Moine flow somewhat, and on May 12, 1908, the northern 
ores were still frozen, but the lower area had run off. The Du Moine and the local 
watershed will add about 6,000 ¢.f.s. to the through flow, so that the Des Joachims 
sluices are required to pass 52,000 c.f.s. The raised river has ample size to pass this 
flow at less than 3 feet per second velocity. The reach below to Pembroke has con- 
siderable area, so that 10 per cent in excess of the above flow would only raise its level 
one foot in five days. McConnell lake could be arranged to act as a reservoir also, 
if necessary. 

Pembroke reach (area 75 sq. miles) receives the drainage from nearly 3,000 
square miles. Its chief tributaries are:— 


Drainage High water 
River. 
| area, flow. 
sq. miles. Coles 
a PE ae OP GAIN EIA RICE De Lefer OME AP A cere RN OE JUNC ee stata bwin fi I oi. 300 1,500 
TS ESA W. EL WEN eee he ee EIS ei BORE ot ehet s Seea She Ree edea caren Sar ikea Dee Panta Ph ce ST UaY eet ett gaa 1,575 7,500 
Oe GO Kz hc Reape inh aD KOMP port ante CERCA Ute cl CUS Me UR nN UIE IRTP Re Le gees NUS Ital nectcgid skys chet hts 44 2,000 


This spring (1908) the estimated outflow from the Pembroke lakes into Coulonge 
was about 100,000 e.f.s. for,say, ten days. Had the proposed storage been in opera- 
tion, 30,000 ¢.f.s of this flow would have been held from passing in at Mattawa, there- 
fore, the through flow in Pembroke reach would have been 70,000 c.f.s. 

There is a choke section at Morrison island, which will be widened and deepened 
under the project, so that, in conjunction with the Culbute channel north of Allu- 
mette island, there will be an active area of 25,000 square feet. This will suffice to 
pass 75,000 c.f.s. at 3 feet velocity. 

To pass 100,000 c.f.s. the lake at Pembroke is filled to just the proposed surface 
height, elevation 370, so, with the north water cut off at Mattawa, there is no danger 
of overflowing the reach. The current would have been slightly over 8 feet per second 
at Morrison island, not seriously swift, however, but the great trouble would have 
been a too great flow into Coulonge reach below. 

Coulonge reach (area 25 sq. miles) receives the local drainage off 3,100 square 
miles of basin, as follows:— 


Drainage High water 
River. 
area. flow. 


sq. miles. ect) s: 


21 EC) | agri ames, Oa ieee are Be UR Eos oe ea ra A Ee ar PRR ee eek, yet Sate Gees ik Dae 2 950 8,500 
COU ON BGs se ctor cake siti Ret in SS ee Treen rie ceo 1,820 16,500 
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During May, 1908, the flow measured at La Passe near the lower end of the lake 
averaged 128,000 c.f.s. for a week, the water surface being elevation 354. In 1876 
the lake stood at elevation 354.7, and the flow at La Passe was 157,000 c¢.f.s., while 
145,000 entered the head. The proposed storage would cut at least 30,000 c.f.s off 
the flow, leaving 98,000 e.f.s. through flow at La Passe. 

There is a choke section at Bryson bridge, and also where the Rocher Fend» 
empties into its lake, mile 186, the area being :— 


pO ULC aor en reset oie Seat Wis pee cert at betsy Munk Save yO acre ees 
FOUN Gr EOI Get ete ly sche eee snes ee we Sie srcae vane WuMeniee ahs a OO 3 
otal arearavaianle.t che.) cee ks 2 AEN CP Nea aE: del) | Bara 


remain not over 3 feet per second. : 

Lastly, Arnprior reach below has a large tributary area, and cannot hold an 
excess from up river when its own local basin is in flood. 

For these reasons it seems expedient to provide storage for 25,000 e.f.s, during, 
say, 10 days, thereby reducing the flow at La Passe as follows:— 


Average flow measured May, 1908, at La: Passe. .. 2.00.60. 0ccce) ve aeons ee 128,000 c. f. s. 

Deduct flow cut off by storage above Mattawa.. .............. 30,000 c. f. s. 

Deduct flow cut off by storage above La Passe.................. 25 000mm es 59, 00029 ne 
Leaving regulated through flow at, Wa Passe... 28: 2). soc o 2 se debi yas Ta eOOOTe as: 


This requires 80 square mile feet of storage for each day, and the available stor- 
age so far known is :— 


— — Area. Depth. Storage. 
Black River— sq. mls. ft. sq. mile ft. 
DUS AUMICK AKO Uden cued telten a enti. i Sint Roasiate Meh rc pier ar ae Any 10 10 100 
Noosembatnick Vakettiucpatan seeotyo vii ches Stee emiie reals ssn Cerne aE 5 10 50 
icGillivraya lakes satap eer erred tr ciae Wont s ental ce hans reiterated Mal 3 10 30 
PLO tall se aneneie dette i DEN e aol re tad Ree Lema Eeab esta co Sa Noe a ca baclamebeebomebeestayte cs 180 
Sufficient to store the whole flow for 7 days. 
es Area. Depth. Storage. 
Coulonge River— sq. mls. rte sq. mile ft. 
LATCH AVACTOLIC AKG A tn Ohare ie as chee ae eee ean 6 12 72 
IB LuleRlakes tea ee aiee o as eusrsuah caoieiee eintoas Kio ats See ee ae he 11 88 
AG UTOUX AKC ate etre eee lnc ser aha ee Ch etiote reece cin aoe Pa See eT 6 10 60 
IN Te KOLGAE AKC treet ceo totlonn oie choo) cP-nsponspeceiay iat cere chee marae a es 6 5 30 
IBiPSATIGeL Alice cee eta rk vat cen ort arene cr cee a es St a ee 76 10 70 
TAG A KC Be peta: ee aie Cae iea i cree ieee siren d chy Bc csian oe savant ae tie pele ee ra ad tea 175 
Total Fe Setar nhs coe ene Rt irae a A ead Oi ae otecne eee tans | Bas eae aE Cn ee a OR re 495 


Sufficient to store the whole river for 10 days. 
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Black and Coulonge combined then furnish enough storage in their watersheds 
to keep, say 20,000 c.f.s., out of the through flow for 10 days. It will probably be 
necessary to seek further storage either on the Petawawa watershed or the Du Moine, 
or on both. The former has probably 600 sq. mile feet of storage and the latter 
800. In 1876 the flow was nearly 30,000 cf.s. greater than 1908, so that to restrain 
the flow to 70,000 c.f.s. it would be necessary to hold back 55,000 c.f.s. in addition 
to the Upper Ottawa storage. This would require 170 square mile feet for each 
day’s storage, or 1,700 square mile feet for 10 days, so all the possible storage would 
be necessary. 


Arnprior reach (area 28-5 square miles) receives the local drainage off 5,700 
square miles of watershed, as follows :— 


Drainage High water 
area. flow. 
Rwer— sq. miles. Ca eats 
TBONTECH ERE oak Hae sie ate Sea each Se eee TROND tee cau Felecia daa eS Alege enc) duels te tamer stele Eales 910 6,000 
Macawashea cater ote ere cee eee rear ee Gpetactats iterate ance Teeny ee he ance Rirer artic ev eer er a SEZLO ; 
WMigeisstppe. (party oe sso. cet ace ctanete end o> leds celine era gle are of ohemsineya “a apeeablano) ane taget = pelcaa ana 1,400 (part) 8,000 
SHOES Se eae Eee ee Nee RPT aR NCE POPE ec: Rates uals PRS eae esta hens Cones LOT SM RS eee 


During May, 1908, the outflow at Chats was about 135,090 c.f.s., and, if 30,000 
had been cut off at Mattawa, this would have been reduced to 105.000 ¢f.s., and, if 
25,000 c.f.s. had been cut off at La Passe, the flaw would only have been 80,000 c.f.s. 

The head of Chats rapids (mile 156-18) presents a flow area of 29,150 square 
feet, and possibly this could be increased to 31,000 square feet by reversing the flow 
of the west outlet of the Mississippi. The regulated through flow of 80,000 c.f.s. 
could be passed easily, and even 10 per cent more. This flow would not raise the 
lake above the working stage, elev. 245, nor would it overload Aylmer reach below, 
as that level is large and receives only a small drainage. 


Tt then appears that no storage is required on the Madawaska, because the stor- 
age at La Passe to limit the amount passing Rocher Fendu has so reduced the 
through flow (to 73,000 c.f.s.) that the combined flow of the Madawaska and Bonne- 
chere do not overtax the height of Arnprior reach, nor its discharging capacity. 


Storage on the Madawaska would, of course, be of great value to augment the 
low stage flow of the main river for power and domestic purpcses. 


Aylmer reach (area 46.5 square miles) receives only a small local drainage, 650 
square miles; the Quio, the Carp and part of the Mississippi being the tributaries. 

During May, 1908, the flow at the Chaudiere was about 140,000 c.f.s., Aylmer 
lake being 3 feet above proposed working stage. Reduced by 55,000 c.f.s., this would 
have been 85,000 c.f.s., which can easily be discharged when Aylmer is at working 
level, elev. 295. 

Between Deschenes and Britannia is a restricted section, 21,200 square feet area, 
which, however, could be enlarged to 28,000 by rock excavation on both sides of the 
river. 

The large lakes so far mentioned will be extended and kept at constant level, 
generally ordinary high surface, but all structures are five feet above this level, so 
that a four-foot layer can be temporarily stored upon each without stopping traffic. 
Their storage capacity would be as follows: — 
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Safe extra 
Reach. Area. Storage capacity. 
rise, 
sq. mls. ft 

CHEST One cyte ah Oe ete ee te me Ue. 8 4 2 days for flow 5,000 ¢. f. s. 
RechkenCapiteines Pn cee Pe gore Mo moe tls 4 4 day is . 

er CACHING Sieroter CNA as otc Aol ofr s Syn cates kel: 7 4 2 days sh nf 
Pen DEGKecc heel ees Ede eR ke 75 4 # af s 
Ey: RCE Z CAPASSO NC a A 25 4 6 « “ « 
ETN TOUS tet Mette zoel RT tes ene nt Sa Se Sd 28 4 hier xe < 
Rees ik, Sa) Me igh Dooce ae a 47 4 12 « “ “ 


The Gatineau during September and October flows about 5,000 c.f.s., so the table 
means that Aylmer reach would rise 4 feet if a stream the size of the low water 
Gatineau were to flow in for twelve days, while Arnprior and Coulonge lakes would 
last a week and Pembroke reach three weeks under similar conditions. 

These reaches would in like time be prepared to pass a 25-foot draft boat, it may 
be remarked. 

Ottawa reach (area 66 sq. miles) receives the drainage off 19,700 square miles, 
half of which enters at the upper end. 


The following list exhibits the character of the chief tributaries. 


Name. Area. High water Date. 
flow. 
sq. mls, cof. s; 
(EVACUEES IN Site Baga cae We Sheet. OCA a NR a MS dee alah eD §, 200 30—70,000 |Middle of May. 
POU Leer Mt is Nese Beat rete, OF wy wtb ae iow Sedat 4,100 * 12—30,000 ‘ 3 
TSO ERG la Sith Sc IRs Rn te a To es ae a a 1,800 5—12,000 sf i 
CAUCE an Neon A hun Mn et eee 1,400 * —15,000 |April. 
SCL NGA ONE WIAA Mer ege rts Zanes ig a, hk 1,400 2—18,000 |April can be neglected. 


The Gatineau and Rideau flow in just above Rockliffe, a narrow section (800 ft.) 
but fortunately of great depth, so that the current is not prohibitive. 

Numerous measurements were made below this junction, and it was found that, 
with a surface elevation 140, the through flow was nearly 120,000 ¢.f.s., and this was 
adopted. When, therefore, 90,000 c.f.s. enters as through flow by the Chaudiére, only 
30,000 ¢.f.s. can be allowed to enter from the Gatineau and Rideau. 

The Rideau has usually discharged its flood before the middle of May, but this 
spring (1908) it ran 9,000 ¢c.f.s. during that period. It is of short duration, however, 
and an allowance of 5,000 c.f.s. seems ample, allowing a discharge of 25,000 ¢.f.s from 
the Gatineau. 

The Gatineau flowed 63,500 c.f.s. May, 1908, and is supposed to have flowed 70,000 
ce.f.s. in 1876. To reduce this flow to 25,000 ¢.f.s means restraining as follows, from 
daily discharge curve 1908 :— 


BO daye ato S, 0000.4; 6) equivalent. to. +o 6. ks seun See 160,000 ec. f. s. for 1 day. 

10 HEL D2" O0One. < OA Me DANS Se Rebeee MEU Rah fas) a 220 000S1* i 

20 “ 37,000 “ PE gee) <5 CORE aRL ES Mera eRe NS” Se tat 740,000 “ 5 

10 «~ 95'000 “ NES OS ot cei a 250,000 “ 3 

15 & 8,000 “ SH OO a aph c= oye a at oe ee 120,000 “ Y 
PPOtsvOxeede tern 20a Sek vent ease Maks EM Ry ee 1,490,000 c. f. s. for 1 day. 


To store this requires 4,600 square mile feet, but so far only 2,600 square mile 
feet are located, sufficient to store about 60 per cent of the total amount, or to store, 
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say, forty days of the Gatineau’s excess flow over 25,000 c.f.s. That would be up 
to the middle of June, when of course the main river flow would be decreasing and a 
greater amount could be received from the Gatineau. 

This, however, cannot always be counted upon, as the high flow lasts sometimes 
well into June. (1904 for instance.) 

Another arrangement would be to take the through flow over the Chaudiére 
90,000 c.f.s., and a greater flow from the Rideau and Gatineau, say 40,000 c¢.f.s., 
instead of 30,000 ¢.f.s., making the total inflow 130,000 ef.s. This would require 
2,640 square mile feet of storage, which, as stated above, is known to exist. 

The extra foot rise at Ottawa in order to pass 130,000 c.f.s is not objectionable, 
but 10,000 e.f.s. additional is launched upon the through flow out of the reach at 
Grenville and onwards. To avoid this overload, storage must be sought upon the 
basins of the Lievre and Rouge. 

This requires 31 square mile feet for each day of retention, and the available 
storage 1s:— 

Sq. mile feet. 


Lievre, several lakes aggregating... .. .. .- ++ ++ s+ ++ -- 760 
Rouge e 6s BS oh ec Sesh rae Mls ne ani en a 
Ais 2 Dee RMI EOC Sect ae Austria ah ak SRAM ARNG est pet 


There is, therefore, enough storage to hold 10,000 c.tf.s. for 80 days, and the flow 
of the rivers as shown above is large enough to be worth while restraining. 

Below Grenville there are no tributaries of consequence, the total drainage area 
to the head of Montreal island being 1,200 square miles, which runs off in April or 
the early part of May. 

A matter of interest is the time it takes the bulk of water to move from Ottawa 
to Grenville. From observations made towards the end of May 1908 the average speed 
of flow appears to be 1} miles per hour, so about 48 hours after water passes Ottawa 
it arrives at Grenville. The time from Mattawa to Ottawa is probably nine to twelve 
days, depending on the height of flood. 


CHANNELS. 


Teven when the water surface is raised there are still canal cuts to make and 
shoals to be excavated in order to secure a 22-foot channel for boats. 

The excavation consists largely (6,327,000 ¢. yds.) of wet rock, that 1s, rock 
which must be drilled and blasted or pounded to pieces under water and then removed 
by dredging. Practically all of it is lmestone. 

Wet earth or loose material beneath water varies through all classes of soft sands 
or clays and hard gravel, cobble and boulder material. The former may be removed 
by suction dredge, but the latter require a dipper dredge, and are much more expen- 
sive to remove (c. yds., 8,400,000). 

Dry rock has not been considered such an expensive material since the building 
of the Chicago canal. Explosives have been cheapened and steam excavators ar? 
now used to remove the broken rock at the rate of 100,000 c. yds. a season. (See page 
94.) Much of this rock will go to make up the dams (ec. yds., 8,860,000, of which 
5,700,000 lime and 3,160,000 granite). See page 326. 

Canal cuts are the chief localities from which dry earth will be excavated. Soft 
and hard materials are encountered, and in some localities the haul from pit to place 
of disposal will be two to three miles. 

Some of the canals above locks will be carried in side embankments, and to pre- 
vent current in the narrow 200 foot channel the side banks must not leak to any 
extent. Orib-face has been provided for in some cases and concrete core walls in 
others. 
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The side slopes of all excavations in earth, boulder material or friable rock are 
set, two horizontal to one vertical (2 to 1). In good solid rock a vertical face is pro- 
posed; in rock or earth, however, whether the sides show above water or are hidden 
beneath the surface, permanent piers will mark the bottom width, Steel boats will 
not, therefore, tear their plates along the sides. (Sce plate 37.) 

In all eases, too, the center line of channel will be shown by range lights. 

Along canal cuts or wherever an earth-face is exposed to wash of waves, aheavy 
protection of stone is provided to prevent erosion. (See plate 37.) 

The curves, which occur in dredged portions, are nearly all over a mile radius, 
but in eight cases curves as sharp as half a mile radius, and in three eases one-third 
mile radius are used between Montreal and Des Joachims (see plate 35.) All curved 
channels are widened on the outer side. 

As there will be practically no current, boats should make equally as good time 
as in the dredged channels of the St. Mary’s river (width, 300 feet), viz., 9 miles 
per hour and 6 miles per hour in canal (width, 200 feet). The time of passage is 
given at the end of the detailed description of each reach. 


DAMAGES. 


A raised surface system, of course, results in flooding property which must be 
bought, and from Montreal to Joachims $3,000,000 will be expended. Two-thirds of 
this sum are incurred from Hawkesbury to Aylmer, 70 miles in length, where large 
flats, that are nearly flooded during May and June, will be kept continually so. (See 
detail-description, pages 106 and 110.) 

The only developed water powers that are completely destroyed are those at 
Deschenes rapids, and by the creation of a power at the Hull dam an equal amount 
of current might possibly be returned. 

At Montreal, provision is made for replacing the water power used for pumping 
the city’s supply during the summer months, including the passage of the supply main 
beneath the navigation channel. (See detail description, page 94.) The Lachine, 
Hawkesbury and Ottawa intake pipes are also arrang-d for. (See detail description, 
pages 95, 106 and 110.) 

Drainage difficulties are fortunately not formidable. The sewerage of Verdun 
will require a pumping plant. (See detail description, page 94.) 

At Hawkesbury an outfall sewer -is to be passed beneath the canal, and at Hull 
a culvert is arranged to pass the tail water of the city power-house. 

Railway and highway bridges and diversions amount in all to over a million 
dollars. In all cases where traffic is likely to increase, double tracks have been pro- 
vided for. The Victoria bridge crossing at Montreal, the Canadian Pacific railway 
bridge at Lachine, and the Grand Trunk and Canadian Pacific bridges at St. Anne 
amount to half the whole expenditure required. (See page 93, 96 and 98.) 


DETAILED DESCRIPTION OF PROJECT BY REACHES. 


The following is a detailed description of the project from Montreal westwards :-— 

The mileage is counted from the Custom House, Montreal. Eastwards from this 
point the St. Lawrence ship channel is, of course, used to Quebec, (See Plates 4 and 
4A, 

ata are two projects to be considered—one leading up from Lachine through 
Lake St. Louis and Ste. Anne to Oka, called ‘the front line,’ and a back line branch- 
ing from the St. Lawrence ship channel, 17 miles below Montreal, near Cap St. 
Michel, and proceeding up the Back river past Sault Recollet, Carterville and Ile 
Bizard to Oka. 
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Considering the front line first: The creation of a slack water navigation is 
accomplished by forming a series of pools connected by locks. Montreal harbour is 
the starting pool, and the question is, what height shall the first step be? 

La Prairie basin, just above the Victoria bridge, is subject to a winter flood 
caused by the accumulation of ice This flood has attained a level so high as to inun- 
date St. Gabriel, and some years ago a protection dike was built along the river front 
to prevent this. This dike extends from the Victoria bridge, Point St. Charles, 
along the shore two miles to Verdun, and its top is 52 feet above the sea, 4.2., elev. 52. 

Now this dike has protected the inhabitants for some years from high water. 
It is reasonable to propose that the dike, which is nothing else but a rough earth 
mound or dam, be raised, enlarged and strengthened, and that a portion at least of 
La Prairie basin be kept permanently at flood level, elev. 52. 

I, therefore, propose to cut off a bay of the river between Nun’s island and the 
dike by a long embankment extending up in prolongation of the Mackay pier from 
Victoria bridge to Nun’s Island and on. to opposite Verdun hospitai—a bank 4 miles 
long. which contains three-quarter million cubic yards of earth, forming a core, and 
covered inside and out by a cap of loose rock requiring 14 million cubic yards. 
Between this bank and the shore a lake of water, generally over 22 feet deep, will be 
formed, through which boats may go at full speed. (See Plate 4.) 

The east end of this basin will be closed by a lock and dam, situated at the foot 
of Bickerdike pier, and extending across to Mackay pier. This is just about the 
head of the deepened harbour, but a short dredged channel will be required below 
the lock to allow 20 feet draft to enter. 


MONTREAL LOCK. 


This lock, like all the others, is 650 feet between the upper and lower gates, and 
65 feet wide. The length over all, from end to end, is 846 feet. It is founded on 
flat bed rock, chazy limestone, the surface of which is elev. 20. Now the low 
water of Montreal harbour is elev. 18, and we require 22 feet below this, which makes 
the bottom of the channel 4 feet below sea level. This elevation is taken as the bottom 
of the lock. It does not seem necessary to keep the entrance channel a foot lower 
than the lock bottom; in fact, 22 feet is the depth of channel, and many would con- 
sider that the lock bottom should be made 1 foot above the channel outside; but why 
manufacture this obstacle when it is unnecessary, and the extra foot beneath the boat 
is always advisable? The pit or excavation for the lock is, therefore, sunk 20 odd 
feet into the bed rock. (See Plate 38.) 

The lock pit could be blasted out in the usual manner some 100 feet wide, and 
the side walls be built full size from the bottom up, but why blast away the solid 
rock and then replace it with concrete at great expense? The pit is better, therefore, 
carefully cut out with smooth sides a few feet larger than the width of the lock, and 
its sides faced with concrete, 3,4 or 5 feet thick, the case requires. A_ thick- 
ness of 5 feet has been assumed throughout, to ensure full estimation for the filling 
of crannies and voids that may. be found between the beds of rock. (See cuts page 
wa) 

The sides of the pit are cut out by a channeling machine, which is a large steel 
chisel operated like a steam drill, that makes a slot about 3 inches wide all around 
the pit. The rock within this channel slot is then drilled, blown and removed without 
injury to the sides. . 

The surface of the rock is practically dry in summer, and only a small dam 
around the pit wi'!l be required, but a bulk sum for unwatering, which includes 
pumping and the removal of snow and ice, is allowed at each lock. 

The rock blasted from the lock pit will be disposed of immediately in building a 
rock-fill dam across to Bickerdike pier, and the rest piled to one side to be used for 
the concrete of the lock walls themselves. (See Plate 39.) 
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As soon as the pit is excavated, moulds will be set up, and the construction of 
the lock walls begun. As the solid rock itself forms the great bulk of the side walls, 
it will be on'y necessary to build them up from rock surface elev. 20 to coping level 
elev. 57, a height of 37 feet, which means that material and time will be saved in 
this manner. 7 

As before mentioned, there is a channel to be excavated below the lock. This 
amounts to 177,000 cubie yards, which will swell to twice its size, or about 300,000 
cubic yards, as loose rock. This will be used to il the approach pier below the lock, 
and also that above, leaving still 200,000 cubic yards to be used for the embankment 
forming the south side of Montreal reach, to which place it will be hauled, either by 
a temporary railway or possibly scows. 

It will take one season—May to December—to excavate the lock pit 75,000 cubic 
yards, from December to April the site will be covered with 20 feet of water. The 
next season the lock could be completed by building 60,000 cubic yards of concrete, 
aud puiting the gates in place, so that the Montreal reach might be finished in two 
years. 

-While the lock is building, the bascule bridge, to allow of crossing the Grand 
Trunk railway, leading on to Victoria bridge, could be constructed. This bridge 
has been a matter of consideration. There are 100 trains per day passing the spot, 
besides the highway traffic. The bridge would, of course, be erected without delay- 
ing traffic, by the usual methods. 

By the adoption of the bascule type, similar to the many railway bridges cross- 
ing the Chicago Drainage canal, Buffalo creek and other places, it is thought that 
very little delay to traffic will result, as these bridges can be operated so quickly. A 
point in their favour is their safety, as when open, the leaf stands up vertically, 
blocking the railway and exhibiting an unmistakeable danger signal. This type of 
bridge also does away with the central pier necessary for swing bridges, and, in this 
case, the clear channel is 160 feet wide, which is ample space for two boats 65 feet 
wide to meet each other in, if necessary. The highway traffic will be served by 
_ bascule bridges on each side of the double track railway bridge. (See Plate 34.) 

Near the Victoria bridge there is a eulvert beneath the Mackay pier. This will 
be enlarged and modified to form a regulation culvert for the basin. 

Between Victoria bridge and Verdun, the south embankment of Montreal basin, 
four miles in length, will be formed of earth, protected on the river side by louse 
rock. The rock excavated from Verdun lock-pit and just below it, will furnish 
' enough rock to protect the bank from there down to Victoria bridge. 

It would would take one season’s (May to December) work of two steam shovels 
with their haulage outfit of cars and locomotives, to excavate Verdun lock-pit and 
the entrance below. 

The earth required to build the south bank of Montreal basin must be hauled 
from the Verdun canal cutting, a mean distance of three miles. (See Plate 4.) 

arth from the Verdun canal must also be hauled about three and one-half miles 
to make up and strengthen the Verdun and St. Gabriel dikes along the north side of 
Montreal reach. an 

About two million cubie yards of earth are available for these embankments, so 
they may be made of full size. 

The time required to complete Montreal reach depends upon the excavation of 
the Verdun canal, as the embankments are made up with this excavation. Five 
years is estimated, as is explained in the description of St. Louis reach that follows. 

The work of a steam shovel during one season—May to December—is usually 
considered as from 100,000 to 150,000 cubic yards in earth, and in excavating and 
loading blasted rock modern heavy shovels do just about the same amount. 

A modern example of steam shovel capacity in rock work is the excavation lately 
completed (1907) in the West Neebish channel for the United States government. 
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Three steam shovels were employed removing the rock as it was blasted out. Their 
united output was 40,000 cubic yards to 55,000 cubic yards per month, measured in 
the solid. Four channellers were employed cutting smcoth sidcs, and six to nine 
steam drills per shovel bored the holes for explosives. 

In all cases it is not the excavating power of the shovel, but the transportation 
service to carry away the material from the steam shovel that is the real limiting 
factor of the output. 

A troublesome feature of this project is that the raised water level drowns out 
the tail-race of the Montreal city waterworks, or rather the part of the works which 
is operated during the summer time by water-power. This would leave only the steam 
pump plant, which alone will not suffice for the growing needs of Montreal. It is, 
therefore, proposed to build a power-house near the Verdun lock, and use the 18-foot 
head there either to pump directly by an intake pipe reaching out to the foot of 
Heron island, about one and one-half miles, where a supply whose purity would be 
beyond suspicion could be obtained; or else to use the power-house for generating 
sufficient current, which would be delivered at the present settling basin to run the 
pumps electrically. 

There is also another water supply that would be injured, that of the Montreal 
Water and Power Company, whose intake will have to be extended out a mile across 
Nun’s island into Laprairie basin. 

Further difficulty is encountered with the drainage of Verdun and that brought 
down the old river St. Pierre. The most straightforward method of handling this 
seems to be a pump plant, which might receive power from the proposed power-house 
at Verdun lock. 

The cost of this reach, including bridges and pump plant, is four million dollars. 
If a through cut had been made from Montreal harbour to Verdun, only 200 feet 
wide, it would have cost over six million dollars, so that the basin project is cheaper 
and secures a basin nearly two square miles in area for an upper harbour. 


Summary of Disposal of Excavaticn—Montreal Basin. 


Excavation— 
177,000 e. yds. rock below Montreal lock 
75,000 im Montreal lock-pit. 
252,000 e solid measurement. 


say 500,000 ec. yds. loose rock. 
Disposed of in building— 


Dam, Monireal iock, loose .. .. .. .. .. .. 95,000 cubie yards. 
© onenete slog logee....... jin avs tanner Repairs MOOG) ae 
Cribstiling locks iloose. - «ie 0 bagerae aes 120,000 a 

For waste or disposal along Mackay pier .. 225,000 we 

Time to navigate— 
Locke 2 Se SS ee OoTS hours) Montros iaecic 
Hive miles*at Gamep.h..... 3.26 o8) oe O80 heme! thas 
1.55 hours. 


LAKE ST, LOUIS REACH. 


This consists of the Verdun canal cut, 3 miles long, to the Waterworks’ intake, 
then an embankment canal along shore 2 miles up to Lachine, then15 miles through 
the north part of Lake St. Louis to Ste. Anne. (See Plate 4.) 
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The reach begins with a lock similar to the Montreal lock, which .lifts boats 
about 18 feet. The rock surface at the lock site is elev. 50. So 20 feet in height of 
the chamber then will be solid bed rock, and the walls will be extended up 25 feet 
in concrete. (See Plate 39.) 

The canal prism above the lock averages 20 odd feet in depth, and is 200 feet 
wide at bottom and 290 feet at water surface. The side slopes being, as everywhere 
else, in earth 2 horizontal to 1 vertical. Altogether the canal excavation consists of 
3 million cubic yards and 23 million cubic yards of rock. 

The first operation will be to begin the excavation by wheel scrapers, and build 
up the canal banks where the water surface will be above ground level. Just above 
the lock a cheap reservoir can be obtained by embanking a triangular area, and 
these banks would be built at the same time by scrapers. 

This basin will act as a compensator above the lock, and prevent excessive cur- 
rents through the canal when the lock is being filled. It will also act as a head basin 
to the proposed power house to replace that of the Montreal City Waterworks. 


When the canal banks have been built, steam shovels will be put into the cutting, 
and of the material they excavate, two million cubic yards will go eastwards to 
build the embankment to Nun’s island and the Victoria bridge. 

The remainder of the canal excavation will go westwards from the waterworks’ 
intake to form an outside embankment along the foot of the high Lachine river bank. 
At first only a sufficient bank will be constructed to keep out the water of the St. 
Lawrence river. 

The space between this partial bank and the shore will then be pumped dry, and 

the excavation of the channel bottom begun. This amounts to nearly two million 
cubie yards of rock, which laid dry in this manner may be excavated for $1 per 
cubic yard, but if drilled and excavated beneath the water, it would cost three times 
as much. The rock from this channel excavation will be used to protect the outside 
of the embankment all the way up to Lachine. See page 325. 
The rock in the Verdun canal cut, lying beneath the earth excavation, amounts 
to half a million cubic yards. Part of this will be crushed and used in the concrete 
of the lock walls, and part for filling the long piers above and below the lock, and 
also for the protection of embankments. 


Broken rock is very much needed in canal construction, as already outlined, for 
concrete, and for the strengthening and protecting of earth banks. It is also required 
in considerable quantities to protect earth banks along the canal water line, where 
the ripple from winds and the waves of passing boats are constantly tending to eat 
away the earth slope. Much has been written regarding this bank protection, and 
many costly experiments have been made. It is the writer’s opinion that broken stone 
forms a good protection if it is laid on a very flat slope, say, 4 horizontal to 1 vertical, 
instead of 2 to 1, which is the usual practice. A cubic yard of broken stone per 
foot forward has been estimated for at a cost of $2 per cubic yard in place. 


There is a sharp quarter bend at the Waterworks’ intake—mile 8—necessj- 
tated by the abrupt turn of the river bank. The outside bank of thig portion is sub- 
ject to a not very severe wash from the St. Lawrence river flowing along its outside 
edge, but it may be subjected to considerable tearing from float ice. For this reason, 
it is proposed to protect it heavily with loose rock, great quantities of which will be 
excavated in the vicinity. (See Plate 4.) 

The present intake of the Montreal aqueduct must be preserved, if, instead of 
pumping direct at the proposed power house, the old pumping plant is electrically 
driven. To secure this a double conduit is provided beneath the canal, with a valve 
house at each end. This, of course, can be constructed before other work is begun 
obviating any nuisance from muddy water during building operations. 

At Lachine also the intake pipe must be extended out beneath the canal in a 
conduit. Although so many intake pipes are disturbed by the proposed canal, still, 
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in each case, their extension is further out into the river into deeper water, ensuring 

the best quality of water obtainable in the locality, and, owing to the inlet being 
deeper, less nuisance from anchor ice. 

The drainage outlet for Lachine and the various towns between it and Verdun 

is not affected by the canal project, as this nearly all tends into the Little St. Pierre 

river, the flow of which will be handled by the proposed drainage pumps at Verdun. 


Sluice at Verdun Lock.—At Verdun lock a sluiceway is necessary to regulate 
the supply of water into the basin below. The structure here used is simply two 
parallel culverts 6 feet wide and 7 feet high situated beneath the dam barring the 
end of the reach. These culverts are throttled by sluices, which are operated through 
a concrete shaft or well extending up to the top of the bank. This syle of regulator 
was designed by Mr. J. L. Allison, and used extensively on the Soulanges canal. See 
Plate 23. 

This reach is crossed by the Canadian Pacific railway bridge below Lachine, at 
mile 94. It is proposed to construct a bascule bridge, giving a clear width of 160 
feet for boats to pass.. As this bridge is high,—30 feet clear—many tugs will be 
able to pass beneath it without opening. The bridge is estimated for two tracks, 
although at present only a single track structure exists. 

Just below Ste. Anne there is a quarter bend which, however, is in deep water 
with good width. The lower entrance to Ste. Anne lock has been made of extra width, 
as the discharge from the regulating works at that place may produce cross currents, 
and the greater width will assist boats in navigating. (See Plate 40.) 

There are already two small locks at Ste. Anne, only one, however, being used. 
This one will remain intact during construction, so that navigation will not be 
impeded. . It will be understood, also, that the Lachine canal navigation will not 
in any way be interrupted during construction. 

As to time of construction, the lock at Verdun can be constructed in two seasons. 
From the Verdun canal cut 5 milion cubic yards are to be excavated. 

If ten steam shovels are set to work, the earth from five being hauled eastwards 
and from the other five west, then it would take about five years to complete the cut 
and make the banks and levees down to Victoria bridge and upwards from the aque- 
duct to Lachine. It will take about the same time to excavate the channel bottom 
from the aqueduct to Lachine. 

In Lake St. Louis there are about 2 million cubic yards of rock and 2 million 
cubie yards of earth between Lachine and Ste. Anne,—a distance of 14 miles. This 
would take eight dredging plants 5 years to accomplish, and the excavation would 
form a bank 60 feet wide along the whole distance. Unless dumping in the deep lake 
is allowed the disposal of the material is a troublesome question. (See Plate 4.) 

At Lachine, Lake St. Louis itself is entered, and the line for 3 miles follows the 
dredged channel of the St. Lawrence, which is 16 feet deep below at low water. To 
obtain 22 feet, it will be necessary to deepen the existing channel 6 feet, all of which 
excavation, unfortunately, is in solid rock; in fact the best route that can be selected 
between Lachine and Ste. Anne necessitates very heavy excavation both of rock and 
earth,—two million cubic yards of each,—and the rock being altogether under water 
will cost $3 per cubic yard. 

The north part of Lake St. Louis is shallow, and it is not possible to escape this 
heavy excavation. In addition to this, the water surface of the lake fluctuates from 
elevation 66 to elevation 72, because there are no regulation works at its foot. This 
necessitates excavating a depth sufficient to give 22 feet at low water. 

If the surface of Lake St. Louis were maintained at a constant elevation,—70— 
then a very material saving in excavation could be effected, not only through Lake 
St. Louis itself between Lachine and Ste. Anne, but also through the channel below 
Lachine to and through the Verdun canal, for the higher surface of Lake St. Louis 
would be produced down into the Verdun canal. 
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It is the writer’s opinion that a regulating dam could be economically placed 
aevoss the St. Lawrence in the vicinity of the Canadian Pacific railway bridge. 

Better still, and much more far reaching in indirect benefits, would be a large 
rock-fill dam across the Lachine rapids at Heron island, from the north to the south 
shore. A lift lock and regulating sluices could be founded in solid rock on Heron 
island, and, the plane of Lake St. Louis being produced down to the dam, a slack 
water navigation would be created. (See plate 4.) 

The effect of slack water would be that the whole surface of Lake St. Louis down 
to the dam would be covered with ice early in the season instead of remaining open 
all winter from Dorval down. The formation of anchor ice would thus be prevented, 
and the disastrous floods in Montreal harbour and below would cease. 

This scheme would also require a dam across the river between St. Lambert and 
the city, with regulation sluices, which would hold La Prairie basin at a constant 
elevation of 45. An earth dike around the south shore of La Prairie basin would 
protect the land in that vicinity now flooded every winter, and keep it dry and avail- 
able for factory sites. 

A steamer ascending the river then from Montreal harbour would lock up into 
La Prairie basin, pass through the Victoria bridge, and have five miles of unimpeded 
nevigation through the artificial level to Heron lock, where another rise of 25 feet 
would bring her directly into the Lake St. Louis level, and she could proceed either 
up the St. Lawrence route to Cascades, or by the Ottawa project to Ste. Anne. 

The two dams at St. Lambert and Heron island would furnish enormous water- 
power, absolutely secure from interruption by anchor ice. 

This scheme could be constructed for five million dollars, as compared to sixteen 
million dollars for the other, and the benefits conferred would be vastly greater. 

Two lines were estimated, using the present Lachine canal in part, but their cost 
- and the difficulty of keeping various traffic routes open during construction caused 
their abandonment. 


Summary of Disposal, Verdun Canal Excavation. 


Excavation—Earth— 


2,960,000 cubie yards earth, canal. 
25,000 E PORK Dib: 


2,985,000 by : 


Excavation—Rock— 


130,000 cubic yards rock, Verdun lock pit. 


70,000 h “below re 
450,000 * “ ~=Verdun canal. 
650,000 $ “ solid, or say 1,200,00 cubic yards loose rock. 


Embankments—Earth— 
C. yds. earth. 


South bank of Montreal basin, across Nun island to Vic- 


TERIOR ein kes es SrA crear TN een, edeens th 1,500,000 
North bank, Montreal basin, increasing Verdun and St. 
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Pan lecOUts tes MACMING GUORE. 6h 252 «chee love ssa ee atte ssa 200,000 
DRAM eh eee ears ee oe Sk ta a a Ni Ret Re nce ve a's Te ie 600,000 
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Embankments, &¢.—Rock— 
C. yds. loose rock. 


South bank protection, Montreal basin.. .. .. .. .. . ..« 250,000 

Bank lining inside Montreal basin... . ics) tg He nee eet ee OLOGO 

Bank lining inside Verdun canal.. ......... uit ahaa tek eG 

Concrete, Verdun lock sa42 of ee hae Sick et aS ee OOO) 

Wesiebes'. s:(ann wre haeoiae aoe ae ee aa ye al 800000 
Time to navigate— 

1 rete] aapattee Sena Stuns na eco ea ..... 0-75 hours, Verdun. 
Salles carte (hay gosh tes oo nig) Pennant epi wince Verdun canal. 
14 i S erin le (yack <Pery tabetha, WalnOONw Ose.” ise ka Seine nea: 

3°15 
OKA REACH. 


At Ste. Anne a lock is required to step up tc Oka lake. It is of the same length 
and breadth as the other locks, but the lift is very much less, being only 5 to 8 feet, so 
that bed rock forms 20 feet of the height of the chamber wall and the remaining 16 
feet of the wall is built up in concrete. Above and below the lock are the usual guide 
piers. The lock is located on the site of the old Ste. Anne lock, which will, therefore, be 
destroyed, but, as mentioned before, the navigation will continue to pass through the 
other lock as at present. (See plate 40.) 

Over the lock the double-track bridges of the Grand Trunk and Canadian Pacific 
railways cross at nearly right angles, and 30 feet above. Each of these bridges will 
require bascule draw-spans, in fact there is not room for a turning-span to revolve in. 

Oka lake is the lowest of the ponds formed by the Ottawa river. It has five out- 
lets—at Vaudreuil, Ste. Anne, Cap 4 L’Orme, the Lallemand and St. Eustache. At 
each place regulating sluices are required to govern the outflow. During springtime 
all, or nearly all, the sluices would be opened, and as the flood subsided, they would be 
gradually closed down to summer régime, so that the level of the lake would be kept 
practically constant at elevation 75. If the surface of the lake were held at elevation 
80, a troublesome condition might be created, although during the flood of 1876 it 
was fully up to that level for a month or so. The lower elevation—75—has been 
chosen as being ordinary high water, but all the structures are sufficiently high to 
allow of a 4-foot rise over this height, or elevation 79, in case of necessity. (Plates 
4 and 4A.) 

The shores of Oka lake are subjected to considerable erosion by wave action during 
the summer, but it will not be necessary to attempt any stone bank protection, as 
nature has already adjusted the slope of the beach. 

The southerly side of the lake is generally clay soil, while the north is sandy, 
especially from Oka to St. Eustache. . 

The Vaudreuil outlet is 1,500 feet wide. During January and February the rise 
of water in Lake St. Louis, due to anchor ice, causes a flow of St. Lawrence water 
northward through this channel into Oka lake, whence it finds an outlet by Ste. Anne 
and the Back river. It is, therefore, necessary to form a movable dam at Vaudreuil, 
which may be taken out after navigation closes. A stop-log dam appears suitable to 
meet these conditions. It has been located just above the Canadian Pacific railway 
bridge, and consists of a foundation platform of concrete placed upon the natural rock 
to level it up and, upon this concrete base, piers are constructed, with spaces of 20 feet 
between them. Over the top of the piers is a service bridge, and the openings are 
closed by horizontal stop-logs, which will be moved and piled upon the bridge every 
winter, so that the St. Lawrence water may flow through in the contrary direction. 

At Ste. Anne the width is 800 feet, but half of this will be occupied with naviga- 
tion works, leaving about 400 feet for sluices, which will be similar to those at 
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Vaudreuil. Unfortunately, the flow from these sluices will create a cross current in 
the ship channel. During navigation, however, as little regulating as possible will be 
done at this point. In winter all the sluices will be left open to accommodate the St. 
Lawrence flow. (See plate 21.) 

At the other three outlets similar sluiceways are provided for, andinall cases a 
rock foundation has fortunately been secured. 

There is rock excavation for a mile above Ste. Anne lock, and then mixed: exca- 
vation for 3 miles further, when there is deep water for 10 miles up to Hay island. 

The heaviest excavation on this reach is that above Ste. Anne, amounting to 
180,000 cubic yards of rock. The lock pit itself,—42,000 cubic yards, will be easily 
dammed off and excavated in the dry, and, although a part of that above may be 
treated in a similar manner, it has been estimated as dredging. This rock, and the 
800,000 cubic yards of earth dredging between Ste. Anne and Cadieux island, will 
require two dredging plants five seasons to excavate. The material—nearly a million 
cubic yards,—could be deposited in the deep water,—40 feet,—near by. (See plate 5.) 

At Hay island nearly a million cubic yards of clay are to be excavated. It can 
likely be taken out by hydraulic dredging, as it seems very soft, and be deposited 
by pipe line between Paquin island and Carillon island. 

At this point Oka lake ends, and the river—half a mile wide, is followed for 
8 miles without interruption to near Point Fortune. 

Just below Point Fortune there is a shoal in mid-channel, which must be 
removed to secure a good entrance to the lock. 

The soft material at Hay island could be excavated by a suction dredge in two 
or three seasons, and the shoal below Pointe Fortune,—150,000 cubic yards,—half of 
which is rock, would take one or two seasons. 


Front route—Time to navigate :— 


pays amp ead eeepc sive eee oe Montreal, (see page 94). 
5 eae ata Tp. le Parent S254) Montreal basin. 
Lock. . ; Ser Say ne (oo: koran eh WOOT 
5 miles ee 6 me De yer: aie 80-< 8 EN erdun-canal. 
14 miles at 9 m. ves .. .. 1-60- “ Lake St. Louis, (see page 98). 
Lock. . {eas payee hO! 2). e eTIes 
5 miles a, 9 m. oe ih ries DOjuas eben @adiena. 
19 miles at 12 m. p. ee ey BOY ane Ort one: 
(golf olea, 


BACK RIVER LINE. 


ST. LAWRENCE SHIP CHANNEL TO PRAIRIES LOCK. 


The line leaves the Montreal Quebec ship channel near Varennes, and proceeds 
due west through the soft river bed for 8 miles to Prairies lock, apposite the small 
village of Riviéres des Prairies, which is 5 miles higher up than Bout de L’Ile. 

Channels are provided to allow of either up or down bound traffic from the ship 
channel entering the Ottawa. (See plate 4A.) 

The surface of the St. Lawrence at Bout de L’Ile is elevation 16 at low water, 
and this surface continues up to the Prairies lock; therefore the channel bottom is 
(16—22) elev. 6. The width of the channel is 300 feet, widened at curves, This 
necessitates the excavation and disposal of four million cubic yards of material, 
which is generally a soft clay that can be excavated by suction dredges and pumped 
away through pipes. It can be deposited upon the islands at Bout de L’Ile, and the 
upper portion of the channel excavation may be disposed of on Macheu island with- 
out ineurring the risk of its running back into the channel. 
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The excavation coud be done in three seasons. The Canadian hydraulic dredge 
J. I. Tarte excavated during working season of 1907, and removed by pipe line, 2 
million yards of material in the St. Lawrence below Montreal. 

The line passes through Ile Bourdon in 35 feet cut, and this material will prove 
harder excavation than the channel below and above, although a good part of it can 
be done dry. 

At this point the Chateauguay and Northern railway (Great Northern) is crossed, 
and a bascule doube track bridge has been estimated for, leaving a clear waterway 
of 160 feet. About mile 8 the excavation becomes rock and continues so for the next 
half mile up to Prairies lock. 

The line is generally direct, but bends, none of which are sharp, are necessary 
at four places to get between the numerous islands. Each leg is provided with range 
lights and mark piers so as to render navigation fully as easy as in the ship 
channel. : 

At mile 5 the St. Eustache branch or Mille Iles river joins the Back river, but 
without appreciable current. The manufacturing town of Terrebonne is situated 
11 miles up this branch. 

The end of Montreal island, (Bout de L’Tle), is a triangular flat, elevated about 
35 feet above the sea for a distance of 2 miles. The ground then runs up quickly 
to elevation 75, and continues to rise toward Mount Royal. Examination failed to 
discover any practical crossing between Bout de PIle and St. Anne—the west end 
of Montreal island. 

To cut through the island and join the St. Lawrence ship channel at the head of 
Ile Ste. Therese would be somewhat more expensive than the route as estimated. The 
saving in distance between the short cut and the adopted line Montreal customs 
house would be about six miles in distance but nothing in time of transit owing to 
reduced speed through canal cutting. 


_ PRAIRIES REACH. 


The lock or step up to this reach js located on the north shore opposite Des 
Prairies village, its lift being 24 feet, from surface elev. 16 to surface elev. 40. A 
greater rise than this would flood the village property, and the damage might be 
considerably increased by the erosion of the soft earth banks along the south side. 
(See plate 4 A.) — 

The Prairies lock is founded on rock, the surface of which is elev. 20 so that the 
walls for 26 feet in height are formed in the natural bed-rock. The remaining 25 
feet in height of wall are built in concrete in a similar manner to all the other locks. 
About 43,000 cubic yards of conerete will be required for this, and part of the lock- 
pit excavation can be used. (See plate 38.) 

The usual guide piers are provided above and below the lock. The upper guide 
vier forms a side wall to a short canal along the river bank. 

There is a rock-fill dam between the lock and the south shore, which will require 
100,000 cubic yards of loose rock. 

The rock excavation immediately below the lock can be dammed off and excavated 
dry at the same time as the lock-pit, and will furnish ample material for the filling 
of guide piers and the dam. 

Stop-log sluiceways are provided in the dam to pass the flow of the river. There 
are 14 openings each 20 feet wide, and capable of passing 20 feet depth of water, and 
even 24 feet depth if the reach above should rise by accident. The regulated flow 
through Back river is 65,000 e.f.s., and 25 per cent additional is provided. 

About a mile above the lock a straight channel will require the excavation of 
about 21,000 cubic yards of rock, which can be taken out dry. 
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Further up the channel, about two miles above St Vincent de Paul, nearly 850,- 
000 cubic yards of rock excavation is required extending right to the foot of Recollet 
lock—mile 17. | 

This heavy rock excavation is necessary so as to enlarge the river bed and pre- 
vent a current swifter than four feet per second for the total flow of 65,000 c.f.s. 

The river now flows with considerable current, but with little depth, a rough! 
limestone bed-rock. The proposed raised surface or working level will just obliterate 
the sloping fall of the river past Visitation island, and so destroy the current, with- 
out increasing the depth. It will, therefore, be necessary to increase the size of the 
river. To accomplish this a channel 700 feet wide will be taken out south of Visita- 
tion island to allow a flow of 10 feet in depth. This can be excavated dry. Part 
will be earth, 54,000 cubic yards, and part rock, 202,000 cubic yards. The village pro- 
perty destroyed is often flooded, and so no great damage will be done. This channel 
could be excavated by three shovels in two seasons, working winter and summer. 
(See plate 4 A.) 

The navigation channel north of Visitation island is full 300 feet wide, and 
excavated 7 feet into the rock river bed for a distance of about 13 miles below 
Recollect lock. This can be closed off by dams from shore and excavated dry, espe- 
cially as most of the river flow willbe passed south of Visitation island. Three sea- 
sons will be required to complete this channel, that is, one season after the channel 
south of Visitation island is finished. The water surface at Prairies lock will be 
raised about 15 feet and extend level to Recollet lock, where the surface will be as 
at present. There will be 368 acres of land inundated. The north bank from St. 
Vincent de Paul upwards is very steep, and the south shore is fairly high, but it 
may be necessary to protect parts of is by a stone slope, ample rock for which is 
available from the excavation. 

A small water power at Prairies lock will be extinguished, and also that between 
Ile Visitation and the south shore, where a small cardboard factory is now in exist- 
ence, 


RECOLLET REACH. 


Recollet lock is on the north side, a mile below Pont Viau, the lift being 35 feet, 
which attains the level of Oka reach. It will be noted that only two locks are required 
to rise to Oka level by the Back river, while the front line requires three locks, as a 
small lift seems absolutely necessary at Ste. Anne. (See plate 4 A.) 

Recollect lock is founded on solid rock, the surface of which is elev. 40, so that 
the bottom being elev. 18, 22 feet of wall is in solid rock, leaving 40 feet to be built 
up in concrete. (See plate 38.) 

Below the lock is the usual cribwork approach, and above is the lock cribwork 
pier. This is backed by earth from the canal excavation to create a dam across the 
small gulley just above the lock, which then forms an entrance basin about a mile’ 
long. 

This expansion of the surface will diminish the bore or wave which travels down 
a narrow canal during and after the filling of a lock, tending to slam the upper gates 
shut just when they are in progress of opening. 

Above the lock—mile 17 to mile 28—are 11 miles of canal, and the question of a 
guard lock at the head and a guard gate just above the Recollet lock, comes up. 

A guard lock at the head of the canal, where it enters Oka lake, would be subject 
to the drive of the waves down the lake, which would prevent the opening of the 
upper gates, as has been experienced on the Soulanges canal at Coteau under similar 
conditions. 

On the other hand, withouf a guard lock, winds are apt to pile the water in the 
narrow canal towards the foot. This action nearly resulted in overflowing the banks 
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of the Welland canal at Thorold during a gale down Lake Erie. The gates of the 
Port Colbotne guard lock had been left open, and could not be shut owing to the 
heavy waves that ran in from the lake. : 

Again, the carrying away of the lock gates at Recollet lock or a break in the 
canal bank would create a swift current through the canal, and a lowering of the 
surface that would wreck steamers navigating the reach. 


The sides of the canal have been designed 5 feet above Oka lake, which is suffici- 
ent to obviate any danger from the piling action of the water toward the lower end 
of the canal. 


Recollect lock, like all others on the route, has four pairs of steel gates. Both 
the lower pairs are always shut against a descending boat, and it is beyond all 
human probability that a thin steel boat cutting into the 4 foot wide girders of these 
steel lock gates would completely carry away the pair 57 feet below. The bows of 
the boat would be cut in, and she would remain hanging in the wreck of the first pair 
of gates, forming a very effective dam. (See page 73.) 


Near the head of the canal at Bigras island a large area of sluices is provided, 
_that empty directly into the river channel, which at this place is rock. If then the 
canal bank should give way at any point, these sluices will be opened and the greater 
part of the flow from Oka lake will discharge through them. Only a small quantity 
would tend to continue down the canal, and, therefore, a temporary dam could easily 
be constructed across the channel below the sluices till the break in the bank was 
repaired. 

In this connection it must be remembered that, even with a guard lock, the 
whole contents of the canal would tear out through any break in the bank and do 
practically all the damage that could be done. 

I have, therefore, made no provision for guard lock nor guard gates, but have 
preferred to place full confidence in the Bigras island sluices. 

The Recollet canal necessitates over five million cubic yards of dry earth exca- 
vation, and half a million cubic yards of rock. The standard size of embankments 
amounts to three million cubic yards, so that a good margin is left to widen and 
strengthen the usual cross section. 

There are several bridges to be dealt with. Viau bridge traffic will be carried 
across at Recollet lock. (See plate 4A). 

For the Canadian Pacific Railway a bascule bridge is provided at Pare Laval— 
mile 19. : 

The Cartierville road traffic will be crossed by a bascule bridge in the same line 
as the present road.” 

The highway traffic to Ile Bizard can pass along the south bank, as a roadway is 
provided over the Bagras sluices. 

Along the whole 11 miles of canal it will be necessary to protect both sides by 
broken stone against the wash of boats, ete. . 

Above the canal, the channel toward Oka village will be dredged, 7 feet deep, 
through the shallow sand flats at the east end of Oka lake—mile 28 to mile 37— 
a total excavation of 434 million cubic yards, most of which can be handled by suction 
dredge. 

Silting in of this channel, with sand by wind storms, is liable to occur, but ihe’ 
powerful suction dredges now in use are capable of rapidly and cheaply clearing it 
away. 

The time required for the construction of the Recollet reach and Oka lake seec- 
tion would probably, be five seasons if 12 steam shovels, or their equivalent, were 
employed in the canal section itself—mile 17 to mile 28. The dredging in Oka lake 
ran be completed in advance of this. 
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Back river route—Time to navigate. 
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POINTE FORTUNE REACH 


At Point Fortune there is a rise of 40 feet, elev. 75 to elev. 115—which is 
attained by one lock and 2 miles of canal. (See plate 5). 

The lock is founded in rock for the first 20 feet of its height; the remaining 
45 feet of the walls will have to be made in concrete, the quantity of which will be 
85,000 cubic yards. (See plate 5). 

The canal above the lock is 200 feet wide at the bottom, with vertical sides in 
rock and marking piers to define the edges. The excavation amounts to 400,000 cubic 
yards of rock and 13 million cubic yards of earth. 

To raise the water surface high enough, a large dam is necessary near the head! 
of the canal at Dewar island. } 

There is already a.dam across the river at the head of the Carillon canal. It 
was built in 1882 of cribwork filled with stone, but the current scoured out the shale 
rock beneath the cribs, and as the rock filling was not loose, but held in the cribs 
that bridged over the holes, it was necessary to reconstruct it during 1883. 

The Dewar island dam will be a rock-fill nearly 50 feet in height, the base of 
which will be over 200 feet wide and in direct contact with the rock bottom of the 
river, so that if scouring takes place, the loose rock will settled down into the hole. 

It is, of course, very desirable to deposit the rock into this dam as it is exca- 
vated, but, unfortunately, in this case the river must be kept open for navigation, 
so it will be necessary to place the excavation in a large spoil heap near the dam 
site till the canal and lock are completed; then by commencing to build the dam, 
at the close of navigation, from the spoil heap, the river surface above can be raised 
to elev. 100, at least, before the opening of navigation. This will allow boats drawing 
% feet to pass through the new canal and lock, and the dam can be completed during 
the summer. 

It will take 400,000 cubic yards of rock to form the dam to standard section, but 
as there is a large surplus of rock, it may be used to reinforce the dam, although it 
is quite unnecessary—the proposed section being much beyond the requirements of 
the case. 

Regulating sluices will be placed upon the rock surface of Dewar island; the 
usual stop-log type being quite sufficient and when the upper level reaches elevation 
100 it will begin to pass through the sluice openings and be under control. If the 
May and June flood flow over the dam during construction, no harm will result, as 
the mass of rock fill will not wash out to any serious extent. If desired, the up-stream 
face of the dam may be covered with a heavy earth slope to render the whole struc- 
ture water-tight. (See estimate plan 24.) 

A considerable area of farm land will be destroyed by the raising of the water 
level, for about 8 miles above the head of the canal on the south side. 

Above this—mile 53 to mile 57—the river is a rock canyon about 1,000 
feet wide, and not very deep at some places, especially at Chute 4 Blondeau, where ~ 
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rapids originally existed, but which were just drowned out by the Carillon canal. It 
is, therefore necessary to raise the water surface very considerably, in order to obtain 
a sufficiently large area of flow to pass the spring water with a less current than 4 
miles per hour. The critical section is about mile 553, but fortunately there is a 
depth of 40 to 70 feet, and the river widens immediately above and below. 

From the head of the canal—mile 52 to mile 58—there will be no excavation, but 
from this point to the next lock—2 miles—the slope up of the river bottom necessi- 
tates deeper and deeper excavation, which, unfortunately, is largely rock under 
water—an item that is always expensive. 

Excavation begins about 13 miles below the Hawkesbury lock, but the cutting 
is only about 2 or 8 feet till within a mile of the lock, whence the depth runs from 
6 to 10 feet. The entrance pier below lock is on the north or river side of the channel, 
and by building it before excavation begins, and extending a coffer dam down-stream, 
it may be possible to do the work in the dry. 

At Point Fortune lock a road bridge of the bascule type is provided, which will 
give access to the land north of the canal, and lead to a possible road across the river 
on top of the dam. 

Both sides of the canal will require stone bank protection, but it is not likely 
that the sides of the artificial lake above will need protection to any great extent. 

The regulation sluices on Dewar island must be sufficient to pass practically the 
whole flow of the Ottawa, as they are the throat through which 50,000 square miles 
of its drainage area must pass. Of course the contributions of the principal tribu- 
taries above Pointe Fortune are always to be considered as partially held back in 
artificially created reservoirs during May and June. A flow of 150,000 c.f.s. is pro- 
vided for, and, as stop-log sluices of moderate height are not very expensive, a number 
more have been provided, so that a flood of 50 per cent in excess of the proposed 
regulated flow could be passed in case of accident to the regulation works above, ete. 
The sluices consist of a thick concrete floor placed directly on top of the rock, and! 
on this platform, piers 6 feet wide are built. Between the piers stop-logs 20 feet in 
length are placed. (See plate 21.) 

The time of construction is dependent upon the excavation in the canal itself, 
from which about 14 million cubie yards are to be taken. Five steam shovels will do 
this in three years, and during another season the dam could be made from the spoil 
bank as already described. 

At Greece Point, the foot of the present Grenville canal, there is a swift current, 
and here the only ice jam on the Ottawa takes place. These conditions, however, will 
be completely removed by the raising of the water surface. 

This vicinity is the reputed site of Dollard’s defense in 1660. 


Time to navigate. 
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OTTAWA REACH. 


From Hawkesbury to Ottawa is one stretch. During the May and 
June flow there will be 5 feet difference in level or slop2 in the 69 miles. The 
river during the progress of the survey was found to have this slope from actual 
measurement; that is, when surface was elevation 140 at Ottawa, it was elevation 135 
at Hawkesbury. This represents the head or fall necessary to force the water of the 
river through at the proposed regulated stage. (See plate 6.) 
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The channel bottom is arranged to give full 22 feet depth throughout, that is 
elevation 185 less 22 feet gives elevation 113 for canal bottom at Hawkesbury, and 
elevation 140 less 22 feet gives elevation 118 as canal bottom at Hull, the rise being 
distributed throughout the distance. 

The slope will exist till autumn, when, with low water, the flow will not be so 
fast, and, therefore, will not require so much slope to drive it throvgnh. 

Now, by closing the sluices at Hawkesbury, the water surface can be maintained 
at constant level at Ottawa, but there will be less fall and, consequently, a greater 
height of surface at the lower end; in fact, the surface of this long reach will become 
almost level, like that of a long, narrow lake. Everything at Hawkesbury, there- 
fore, must be designed of sufficient height to resist a level surface of water produced 
down from Ottawa. The regulated surface at Ottawa will be elev. 140 (nearly 18 
feet on the bottom sill, stideau canal locks). 


In view of these circumstances, the Hawkesbury Icck is built to raise boats from 
elev. 115 to elev. 140, 2.e., 25 feet. It is one and one-half miles below the mills 
founded on rock, the surface of which is elev. 115, so that 22 feet of the chamber is 
in solid rock, and the walls are produced up 30 feet in concrete, requiring 62,000 
cubic yards. (See plate 41.) 


Above the lock is a river flat, which will be converted into a small lake by an 
embankment along the river shore, extending one and one-half miles up to Hawkes- 
bury mill pond; while at the lower end a dam extends from the lock to the steep 
hillside, which represents the ancient bank of the river. Through this pond a chan- 
nel 200 feet wide and about 15 feet in depth will be excavated, amounting to 875,000 
cubic yards of material, most of which is rock. The embankment will be formed by 
scraper work from the earth overlying the rock; this to act as a water-tight core, on 
each side of which will be deposited the excavated rock for weight and protection. 


When rough rock is used along the inside of a canal bank, steel boats are liable 
to have their sides and bilges torn by the sharp edges. To avoid this, small cribwork 
piers are provided at intervals along the toe of the slope, which will ward boats off 
the rough stone. (See page 91.) 

The dam to maintain the upper level is at the heal of the Long Sault rapids, 
and extends from Grenville south to Hamilton island. This site was chosen as affording 
a solid rock foundation. (See plate 6.) 

Owing to the narrowness of the river, it is necessary to make the whole dam a 
succession of stop-log sluices in order to pass possible floods, and the rock surface, 
fortunately, lends itself to this style of construction. It will be necessary to make 
coffer-dams for the structure in rapid water, but, as each sluice is built, the coffer- 
dam surrounding it can be cut away and Bid river allowed to flow through. In this 
way no great construction difficulty is anticipated, although the site is at present a 
widely rushing rapid. 

Hawkesbury is a flourishing town—the largest between Ottawa and Montreal. 
One of the chief industries is the large saw-mill of the Hawkesbury Lumber Com- 
pany. This will not be interfered with by the proposed project, although the steam 
freighters will pass through the head pond of the mill. 

Instead of floods endangering the company’s plant for six weeks in the year, and 
wasting the supply of water, which is needed in the autumn, the scheme will give a 
head pond regulated to a higher level, and will conserve the water supply by restrain- 
ing the spring flood. The raised surface without currents will give more space and 
greater convenience in storing the rafts of logs to be sawn. 

Several bridges are required. First, a crossing for the Great Northern railway, 
which is a high level bridge, base of rail being 34 feet above the proposed water. 
A double leaf deck bascule is estimated for giving a clear opening for navigation of 
200 feet. This is the clear width provided on the Chicago river. 
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A second crossing is required for low level railway tracks to the mills, and for 
wagons employed by the company. This is secured by a double leaf through bascule 
bridge alongside the Great Northern, but at the level of canal bank, the clear span 
being 200 feet. As only occasional shunting will be done over this bridge, a plank floor 
upon the ties is provided, which will allow teams to cross at sufficiently frequent intervals. 

Both sides of the channel through the mill property are faced with cribwork, 
and between the canal and the town the low land can be raised and made valuable 
by depositing excavation from the channel. 

As the canal prism crosses the supply main of the Hawkesbury waterworks a 
double conduit with valve house at each end is provided for in the estimate. 

A thorough survey was made for three routes along the north side of the river. 
One following the shore, one paralleling the present Grenville canal and one passing 
in rear of Grenville village. The deep channel immediately above Grenville was an 
attractive feature, but the rocky headland projecting to the river bank prohibited the 
inland lines and the rocky shore rendered a side line crooked and of doubtful durability, 
while it would have encroached somewhat on the river bed. (See Appendix B, p. 417.) 

For two miles above Hawkesbury mills it will be necessary to dredge out a 
channel amounting to one and one-half million cubic yards, half of which is rock 
under water. Above this, all the excavation required for a 22 foot channel to Hull 
and Ottawa—58 miles—is less than one million cubic yards. 

From the end of the Hawkesbury dredging—mile 64 to mile 87—the river chan- 
nel is very deep, 70 feet and over, and beyond this the river bottom may be described 
as a series of submerged lake basins, six in all, which are separated by alluvial bars. 
These lakes are generally 40 feet in depth, and, fortunately, in only four places do the 
bars between them rise above the required bottom plane of the channel. 

The first point is mile 98, near Parker island, where the channel crosses the river 
from one long, deep lake to another. The next 1s mile 110, opposite the Little Blanche 
river; then mile 114, opposite Templeton light, and, finally, mile 118, at the head of 
Kettle island. The bulk of the material will be soft dredging, and it may be dis- 
posed of close at hand. 

Although the proposed water level of this reach is only the ordinary high water 
level, yet considerable land will be flooded, 7.e., land which is now every year inundated 
from four to six weeks will be kept inundated for a whole year. 

The first serious inundation is at the mouth of the Calumet river, where the mud 
flats created by this river and its larger neighbour, the Rouge, are generally inun- 
dated each spring. The trouble is very much increased owing to the large lumber 
manufacturing plant situated on this low land. There is a large surplus of earth 
excavation in the Hawkesbury entrance near at hand, but it would be an expensive 
matter to transport this material from the dredges by scows and then transfer the 
scow’s load ashore. Of course, the property is subject to a greater height of flood than 
this project will create, but it is not subjected to it for more than a few weeks, and 
a special arrangement will have to be made in ease of construction. 

Above this there is no particular damage done till Montebello—mile 79—is reached. 
The town itself is not flooded, but from this point upwards to East Templeton—mile 
115, say 35 miles—the north shore of the river is an alluvial flat about a mile wide, 
bordering a steep slope, which has formed the ancient bank of the river, These flats 
have been formed of the silt carried down by tributary rivers—the Gatineau, the 
Liévre, the Blanche at Thurso, and the North Nation at Plaisance. 

This action is made manifest by an examination of, say, the Gatineau river, where 
deep coulees, carved out of the clay, attest the enormous quantity of silt that has been 
carried out from the district in the past. 

The flats are intersected by long bays, parallel to the main river, which furnish 
very desirable shooting grounds, and so have been purchased by various game clubs. 
There is a heavy growth of swamp elm on this low land, and the roots of the trees are 
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covered by a foot or more of water during May and June. The proposed water sur- 
face, however, will remain about these tree roots the whole year, and as a consequence, 
they will be destroyed by frost and ice. 

It will, therefore, be necessary to buy this low land and cut down the trees to pre- 
vent their falling into the water and becoming a menace to navigation, because a steel 
boat is easily punctured by floating or partially submerged timber. 

Portions of the south shore are also submerged in like manner, notably below 
Wendover, at the mouth of the South Nation, and above and below the town of Rock- 
land. The low islands between Rockliffe and Wendover will be covered, and also the 
Petrie islands, 5 miles above Cumberland, and the shore behind them will be flooded, 
alse Goose island, opposite Templeton, and the lower part of Kettle island. 

These shallow inundations or drowned lands make navigation dangerous at night, 
because there is no clearly defined bank to steer by. Each sailing course is, therefore, 
marked by range lights, and, in addition, dolphins, or clusters of piles, are provided at 
intervals to define the edge of the channel; the channel width in all cases of dredging 
being 300 feet. 

The upper end of this reach—mile 119—between Gatineau Point and Rockliffe 
is narrow, only 800 feet in width. Fortunately, there is no restriction of flow at this 
place, owing to the great depth—70 feet. 

T'rom Gatineau Point the channel continues direct into the mouth of Brewery 
creek, where the excavation for the Hull locks begin. 

The time of construction for this reach depends upon the completion of the 
Hawkesbury canal, where, including the channel above, about 2 million cubic yards 
have to be excavated. Three dredges and three steam shovels will complete this in 
about three years’ time, during which period the lock and the regulating dam between 
Hawkesbury and Grenville can easily be constructed. 


Time to Navigate. 
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HULL REACH. 


A location in the valley of Brewery creek has been chosen, after considering a 
number of other routes. The site of Hull city is a rock flat, encircled toward the north 
and west by two terraces or huge steps which extend to the abrupt shore of the river 
at Squaw bay, above the Chaudiére falls. (See Plate 7.) . 

The first Hull lock makes a rise of 28 feet up to the first step, and the second 
lock rises 27 feet to the step above. (See Plate 42.) 

Another scheme was to follow the main channel of the Ottawa direct to the 
Chaudiére falls, where a step up would be made on to Table rock. This would, how- 
ever, necessitate navigating the gorge below the falls, where it would be difficult to 
control the current. Besides this, a reconstruction of the cantilever bridge would 
be necessary, as, although it is 60 feet above the water, the masts of lake boats are 125 
feet, therefore a drawbridge of some kind would be necessary. 

I have also considered the cutting away of Nepean point to allow a draw-span at 
the south end of the bridge, and then to proceed up the old timber slide channel. 

Here again, a boat is confronted with a dangerous current, and, moreover, milling 
interests are interfered with, and the works necessary would be complicated and 
expensive. 


Lo 
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Hull Lock No. 1 is founded on limestone rock, the surface of which is elevation 
150, so that 30 feet of the chamber is in bed rock, and the remaining 20 feet in height 
of wall is concrete. 

Above lock No. 1 is a basin, which curves rather sharply to make the direction 
required for lock No. 2. The lower end of this basin is in cutting, but the upper 
portion crosses Brewery creek, which is a rock gorge. This necessitates a bank 25 feet 
high on each side to carry.the canal across. Beneath the bottom a concrete culvert 
is provided to pass the water of Brewery creek, which at this point is the tail race 
of the Hull waterworks. 

The sides of the canal must be water-tight to prevent loss of water from the small 
basin, and concrete core walls will be required on each side, with a heavy rock bank to 
give stability and weight. A similar construction has been very successful in the 
extension of the Chicago Drainage canal. 

At the head of lock No.*1, a bascule railway bridge is required to pass the Cana- 
dian Pacific railway lines. The existing railway lines will have to be diverted and 
rebuilt for a total length of 6 miles. Traffic from Ottawa will then cross at the lock 
and proceed over Brewery creek to join the main line to Montreal or to turn west and 
follow the north side of the canal to Squaw bay, where the present Pontiac line to 
Waltham will be joined. Passing over the same bridge at lock No. 1, a junction 
with the Gatineau Valley line will be obtained, and a line along the south of the 
canal will give access to the Chaudiére railway bridge. In all cases the grades will 
be improved. 

Time to navigate. 
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AYLMER REACH. 


This reach extends from Hull lock No. 2—mile 122—up to Chats 
lock—mile 156, in all 34 miles. 

Hull lock No. 2, situated near the railway station, is in rock, the surface of 
which is elevation 190. 45 feet in height of the chamber wall is in solid rock, leaving 
only 10 feet in height to be built of concrete. (See plates 7 and 42.) 

To the south of the lock is a regulating culvert, through which a proper supply 
of water can be passed to the reach below. The lower reach is less than a mile long, 
and each time lock No. 1 is filled, it would draw down the reach 1 foot, were a supply 
not provide from above. 

Lock No. 2 makes a rise of 27 feet. Above the lock is a canal nearly a mile long, 
that leads straight to Squaw bay. It is 200 feet wide. The first half is in 20 feet 
cutting, but the upper part is as deep as 40 feet. Most of this is rock excavation, 
amounting to half a million cubic yards. 

At Squaw bay is the Chaudiére dam. This is a great rock fill, stretching across 
the river to Merrill island, and thence following the chain of islands to Mechanics- 
ville. In the deepest portion of the river the dam will be 80 feet in height. Its top 
is 20 feet wide and 5 feet above the upper surface. At water level the dam will be 
40 feet thick, and it will increase in thickness 4 feet for each foot in depth; so that 
at the river bottom # will be 300 feet wide. The rock excavated from the canal cut 
above Hull lock No. 2—4 million cubic yards in the solid, will amout to 1 million 
cubic yards of loose rock, and the dam as described requires only half of this quan- 
tity. It can, therefore, be widened and thickened with the surplus rock, so as to pass 
a double track railway and a magnificent highway side by side on its top. 

There is no chance that this immense rock mound can be overturned, pushed 
bodily along the river bottom or scoured away. It becomes a part of the geology 
of the locality, and the population below are in no way endangered. (See page 80.) 
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This dam will hold up the water surface to the level of Aylmer lake; i.e., the 
surface plane of Aylmer lake will be produced downward to the dam, obliterating the 
Deschenes rapids, the Remicks and the Little Chaudiére; so that a boat leaving the 
Hull canal has plain sailing for over 30 miles up to the Chats. 

The rock excavation from the Hull canal will be hauled to the river’s edge and 
the dam constructed by end dumping. In the meantime, the sluices on Merrill island 
and the Ontario shore will have been constructed, and when the water surface reaches 
these sluiceways the regulated flow, equivalent to ordinary June conditions, will pass 
through under control. The Chaudiére water powers will remain as at present, 
excepting that the head race will be maintained at constant level throughout the 
season. The sluices will be founded upon rock, and be of the stop-log type used with 
such great success in the vicinity of Ottawa. A power apparatus will be provided 
to operate the stop-logs. 

Leaving the Hull canal, a quarter bend is necessittied to gain mid-channel of the 
river, but, as the water is very deep and the current anid regulation sluices are well 
over to the south side, there will be no difficulty in navigation. (See Plate AD) 

Between Deschenes and Britannia, the rock bar forming. the present rapids will 
require removal. Now, as the drowning out of these rapids has destroyed the current 
without increasing the depth of water, it is necessary to enlarge the river by excava- 
tion in its bed in order to let the June flow pass at a less speed than 8 miles per 
hour. This increase of the river bed is obtained by widening the navigation channel 
to 500 feet instead of the usual 300 feet. The excavation amounts to nearly 2? million 
cubic yards of rock under water. The same results could be obtained by excavating 
a side channel through either Deschenes or Britannia village, but an enlargement of 
the central channel confers a benefit to navigation for all time. 

Two miles above Deschenes is a quarter turn in wide, deep water, which indicates 
the corner of the Laurentians, around which the river sweeps. The line then follows 
a succession of deep-water ponds up to Crown point—mile 147—where 25,000 cubic 
yards of soft dredging are necessary, and just above this, Twelve Mile island—mile 149 
—are 300,000 cubic yards of soft excavation, whence there is deep water to Hudson 
point—mile 153. Here begins the dredged approach channel to the foot of Chats 
lock, through Pontiac bay, amounting to one-half million cubic yards, two-thirds of 
which is rock under water. 

The only bridges to be provided for on this reach are at Hull lock No. 2. The 
steam railways have already been provided for by a bridge at Hull lock No. bit 
the canal intersects the Aylmer road and the electric railway to Aylmer. It is pro- 
posed to divert the Aylmer road and the electric railway, side by side, along the north 
side of the canal to join the Chelsea road. An under-crossing will be provided in line 
of Brewery street, by which they will pass beneath the Pontiac railway, and they will 
cross at the foot of Lock No. 2 on a bascule bridge and continue along Brewery street 
to Main street. (See plate 42.) 

As a large amount of lumber is manufactured at Ottawa, the question of passing 
saw-logs and pulp-wood down the river during construction and after the waterway 
1s in operation will be taken up here. For years saw-logs have been floated down the 
Ottawa in booms, without rafting them together in any way. Arriving at the head 
of a rapid, the boom has been opened, and the logs allowed to plunge over the chutes 
ina haphazard manner. At only a few points have log slides been built, and the square 
timber slides have fallen into decay, only two rafts having passed down during the 
last ten years. The saw-logs, drifting over the rapids, have piled in heaps on rocks 
and islands during low water, and the high water of the spring fails to float them all 
off. Many logs have become water-soaked and float in a vertical position, the end 
projecting just above water, or perhaps floating unseen just beneath the surface. 

These ‘ dead-heads,’ as they are called, could not be endured in a navigable chan- 
nel, where they would be a constant menace to steel boats moving at full speed. When 
the waterway is open, logs cannot be allowed to float loose on its surface, for, besides 
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endangering the skin of the boat, they may be threshed in by the screw, breaking the 
propellor blades and injuring the machinery. It will, therefore, be necessary to raft 
the logs in some form and pass them through the locks, like tows of barges. 

At Ottawa, however, passing them through the canal would bring them below the 
falls, instead of above, where they are now received at the mill. It will, therefore, be 
necessary to provide a small lock for the passage of the rafted logs into the basin 
above the Chaudiére dam. 

During the construction period, which will last from three to five years, special 
arrangements will be necessary to pass the logs down to the various mills. It is thought 
that lumbering operations will be very much changed after the waterway is completed, 
and that logs will be sawn much nearer to the localities where they are cut, and the 
lumber shipped by barge or by rail. 

A lock could be constructed on Young’s island for about $150,000, which would 
serve to pass rafts of logs, or barges loaded with pulpwood or other raw material to 
the Chaudiére mills. This, however, is not included in the general estimates, as con- 
ditions cannot be foretold. 

The project between Ottawa and Chats necessitates the flooding of considerable 
land, and water powers will also be destroyed. A portion of the village of Tetreau- 
ville will be covered by the new water surface, and above this, on the north side, 
the steam railway and the double track electric road to Aylmer will be covered from 
one to five feet in depth for about three miles, as they are-just along the toe of the 
side hill which forms the major bank of the river. These tracks might be raised by 
the material from the Hull canal, but it will be cheaper to rebuild the railway lines, 
which are parallel and close together, along the side hill just spoken of. About 
four miles of track will be affected. (See plate 7.) 

On the south shore the Canadian Pacific railway will be submerged between 
Skead’s mills and Britannia, about two and one-half miles. The grades can be much 
improved by a new location, which will place it much further up on the river bank. 
Above this no railways are affected on either side to Des Joachims. 

Just below Skead’s- mills about 200 acres will be flooded, and at Britannia the 
low land east of the main street. At Deschenes a portion of the low land will become 
useless, and above Victoria park, Aylmer, the swampy part of the shore will remain 
covered; also at Breckenridge bay and at Quio. On the Ontario side the chief flood- 
ing will be up Constant creek, the bed of which is a marsh and flooded at ordinary 
June level, which is, of course, the raised surface of the reach from Aylmer to Chats. 

The water supply at Ottawa city has its intake just below the proposed dam. 
During the construction of the dam, the rock rolling into the river may render the 
water somewhat muddy, as the end of the dump approaches the part of the river that 
directly feeds the intake, and the pent-up current rushing past the toe of the dam 
may affect the intake crib. It seems advisable, before commencing the dam, to 
construct a new intake above the proposed dam site, then for all time the city will 
obtain a supply from the deep lake that will be created. 

It is possible that a large population of workmen engaged in construction along 
the river, and living in camps close to its edge, may infect the water to a dangerous 
extent with typhoid and tuberculosis; therefore, an organized sanitary corps, with 
police, &e., will be required throughout the river valley. 

The construction would require three or four years, depending on the rate of 
exeavation at Hull and at Deschenes rapids. 

Time to Navigate. 


Pe EANO5 rier gi cie. 0 a2 oe ee ee OR ee ee Otis. STL 
1 mile Sh hea corso dake Daa eee en Oe PAV OT re niet, 
SU ae lle yO. 2a ORE APR DE PUREE as Nate ps “¢ Aylmer lake. 
yee es) ee « (PE meme pee tin aS SOI AE Rt Na LARISA rar ae 


Sy eles 


GHORGIAN BAY SHIP CANAL SURVEY 111 
SESSIONAL PAPER No. 19a 


ARNPRIOR REACH. 


The Chats locks I have designed as a single lift of 50 feet. Under other circum- 
stances this would necessitate side walls 72 feet in height, but the site chosen—Egan 
island—affords a rock surface almost as high as the top of the lock. The lock cham- 
ber will be carved out of this island and faced with concrete, leaving only 10 feet in 
height of wall to be actually built. (See plate 43). 

The large stresses due to the lock full of water are, therefore, amply provided for 
by the rock walls, and the question arises, can the lower gates, 72 feet in height, be 
constructed of sufficient strength? Steel gates are, of course, to be used, and gates 
of this material, 60 feet in height, are already in use in connection with the Assouan 
dam, Egypt. At Lockport, the end of the Chicago Drainage canal, wooden gates are 
in use for a lock of 40 feet lift. The width of this lock, and also the Assouan lock, 
is small, but at Cascades, Oregon, steel gates for a 24-foot lift and width of 90 feet 
are in use. By a strange conincidence, the three locks at Cascades, Quebec, have 
each nearly 24 feet lift, the gates being of solid wood construction, 40 feet high, and 
the width of the lock 46 feet. 

In 1901, Mr. Goldmark designed steel gates for locks up to 40, 48 and 52 feet 
lifts. His very exhaustive investigation makes it clear that steel gates are quite 
safe, and of very simple construction and operation for these high lifts. (See 
plate 32 and 33). : 

Mr. Goldmark was consulted, and has designed steel gates for this project. He 
has also designed those to be used on the Panama canal, which are 74 feet high, and 
for a width of lock of 110 feet. I have, therefore, no hesitation in recommending 
the adoption of a 50 foot lift lock, although it is unusual. (See Appendix C.) 

Below the lock the entrance channel is a mile long, necessitating half a million 

cubic yards of excavation, three-fourths of which is rock. Above the lock is a canal 
“14 miles long through gneiss rock of very irregular surface, averaging 15 feet in 
depth. (See plate 8). 

The course of the canal is intersected by deep ravines, one just above the lock, 
one at Blind bay, and one at Black bay. It willbe necessary toform an outside bank 
to hold in the canal water, which will be 15 feet higher than the river surface on the 
other side. The only material at hand is the excavated rock, of which there is a large 
quantity; three quarter million cubic yards in solid, making 14 million cubic yards 
loose. The ravines are, therefore, filled with loose rock, and the side bank is also 
formed of it. The leakage in the bottom and sides can be staunched with gravel, sand 
or clay, large quantities of which are near at hand. 

Atthe head of the canal—mile 1553—is placed the dam. This isa rock-fill bank 
stretching across the river at Lavergne point. The sluices for regulation, stop-log 
type, are placed on a rock foundation, advantage being taken of two islands near the 
south shore. 

The river is narrow just above the dam site, but fortunately the area is still 
sufficient to pass the flow at about 3 feet per second. It is possible to increase the 
outflow by a channel through Lavergne point, emptying below the dam, and an addi- 
tional outlet, of small capacity however, is furnished by a branch of the Mississippi 
that flows south of Great Chats island. 

Above the entrance to the Chats canal, about one mile of rock dredging is neces- 
sary through the shoals and islands that dot the river. This, however, will be in 
limestone, which overlies the granite at this point. 

Between Chats and Arnprior a small amont of dredged channel is necessary, and 
there is also earth to be dredged nead Blackhead island; otherwise the channel is 
wide, deep and fairly straight up to the foot of Chenaux lock. 

Chats lake is to be held at ordinary high water level, so there is no great damage 
from flooding, but a considerable area at Norway bay will be rendered useless on the 
north side, as well as at Black bay and the mouth of the Bonnechére on the south. 
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The Chats canal excavation—over half a million cubic yards of rock—will require 
three years to complete and during that time dredging plants would have finished 
the submarine work. 


Time to navigate. 
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Portage du Fort Reach. 


This level extends from Chenaux lock—mile 174—to Rocher Fendu lock No,,'1: 
—mile 187. (See Plate 9.) 

Chenaux lock will make a rise of 35 feet. It is founded in a solid rock island, 
so that the sides will be almost entirely in solid rock. Below the lock 60,000 cubic 
yards have to be excavated for an entrance, which can be coffer-dammed off and 
excavated dry. Above the lock a deep channel is at once entered; in fact it will be 
necessary to fill two deep holes with loose rock in order to found the upper guide 
crib at a reasonable depth. (See Plate 43.) 

Chenaux is so called because there are four channels, by which the river forces 
itself through between the rock islands that close the west end of Chats lake. To 
force itself through, the water is penned up above, creating a swift current, due to 
a drop from 2 to 3 feet in half a mile. Steamboats can forge their way up this 
current in summer stages of water, but the channels are narrow, and large boats 
would be in danger. To widen the channel would necessitate 4 million cubic yards, 
of rock dredging, and when boats did pass through, they would encounter strong 
currents all the way to Portage du Fort, and a large outlay would be required to 
obtain the necessary depth. I have, therefore, selected Chenaux as the site for the 
lock and dam. 

There will be a rock-fill dam across the steamboat channel to the south of the 
lock, and to the north it will extend across the islands to the head of Elliott island, 
and then across the north channel where a rock island divides it into two narrow 
branches. The north shore is a steep rock bank with a flat top. This will form a 
fine buttress or shore end for the dam, and upon the flat rock top the regulation 
sluices will be built. 

The excavation from the lock pit and lower approach amounts to 170,000 cubic 
yards, which will double in the loose, making 340,000 cubic yards. Of this 40,000 
cubie yards is required for the concrete of the lock, and the remaining 300,000 will 
be used in the dam. At the regulation sluices it will be necessary to excavate an 
off-take channel so as to prevent the discharge flowing broadcast and doing damage 
below. The rock excavation of this off-take and that from the lock pit will make 
up 500,000 cubic yards loose rock required for the dam, the piers at the lock must be 
filled with rock from the excavation at or above Portage du Fort. 

Above the lock the river surface will be raised 40 feet, the high banks making 
it easily possible and there will be no excavation up to Portage du Fort—4 miles. 

Between mile 179 and mile 180, excavation is required over the top of Ratchford 
island, Elbow island and Bentley island. The water surface above the village will 
be raised 20 odd feet, but this will not flood the village itself, except at the lower end 
and around the shore of Limerick island. (See Plate 9.) 

The alignment is fairly good up to two miles above Portage du Fort, where there 
are two quarter bends in one mile, although the channel is excavated through a 
small island. There is also some excavation at Old Fort island, wher»? the Calumet 
flows into the main river. The channel then passes direct into Rocher Fendu lake— 
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mile 184 to 186. In the lake, which is deep and nearly a mile in width, there is a 
quarter bend of about one-half mile radius, and between the head of the lake and 
Rocher Fendu lock No. 1—mile 186 to 187—there is a quarter bend in the opposite 
direction of a somewhat less radius. 

~ These bends are necessitated by the steep rocky nature of the river, which has 
given it the very appropriate name of Rocher Fendu, or ‘ Cleft Rock’ channel. It 
has been said that the Lower Ottawa was an alluvial river, while the upper portion 
was an archean river, %.¢., one flowing through the oldest rocks—granite, gneiss and 
crystalline limestone, in which the shores are rock bluffs, and the water may be raised 
to a considerable height without doing damage. 

The excavation in this reach consists largely of the removal of the tops of islands 
down to about the present water level, so that the work can all be done dry, and, as 
the rock may be wasted in the deep water alongside, the cost of removal should not 
be high. A tunnel run into some of these pinnacles, and then charged with explo- 
sives, should hoist a large part of the material into the river depths alongside with- 
out handling. : 

The total excavation on this reach is over one-half million cubic yards of dry 
rock, and the time of execution depends upon Chenaux lock-pit, 175,000 cubic yards, 
which should be excavated in two seasons, and the concrete portion of the walls built 
in another. 

The three tow boats owned by the boom company pass up the Chenaux current a 
few times each summer. During the construction of the dam the current through 
the channel will be increased, and these boats will, perforce, be obliged to remain in 
Chats lake. Saw-logs descending the river during construction will require special 
handling at each of the dams, but as soon as the locks are built, logs must be rafted, 
as already stated, and passed through like barges. (See page 109.) 

At Portage du Fort there is a highway bridge leading out to Haley’s station, on 
the Canadian Pacific railway. The depth of water is so great that no centre pier is 
used, and the present span is 300 feet. It can be replaced by a double leaf bascule, 
giving 200 feet clear channel way. 


Time to Navigate. 
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ROCHER FENDU REACH. 


This level is 35 feet higher than the one below, and extends a distance of two 
and one-half miles to Rocher Fendu lock No. 2. (See plate 9.) | 

Lock No. 1 is located on the north side of the river at ‘Flat rapids,’ where a 
ledge in the steep canyon side furnishes a site. The rock surface ig elev. 285, so that 
98 feet of the chamber is in solid rock, leaving 35 feet of the side walls to be built 
of concrete. The entrance piers above and below the lock are both in prolongation; 
of the north wall, so as to get a foundation along the side hill. The rock/jis'so steep 
that placing them on the outside would not be practicable. (See plate 44.) 

The dam stretches from the lock diagonally across to the point on the opposite 
side of the canyon. It wiil be 60 feet in height, and the rock for its construction 
must be borrowed from quarries on either side, as the lock pit furnishes only enough 
excavation for the concrete required in its construction. 
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_ The regulation sluices wil] be founded upon the rock point which forms the 
south shore buttress of the dam. They will be of the stop-log type, and are only 
required to pass a share of the whole flow, as part of the river will still flow down 
the Calumet or north channel. 

Above lock No. 1 the tops of some islands wil] require removal—at Barrier and 
Muskrat rapids. This can be done in the dry, but it does not seem that the exca- 


Time to navigate. 
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COULONGE REACH. 


This level extends fom Rocher Fendu lock No. 2, mile 190—to Paquette lock— 
toile 209. The June level of Coulonge lake, elev. 350, will be produced down the rock 
channel of the Rocher Fendy to Lock No. 2, and maintained by a dam in the usual 
manner. (See plates 9 and 10); 

Lock No. 2 is founded on rock, the surface of which is elev. 328, so that 35 feet 
of the chamber is in solid rock, and 27 feet is the required heigth of the concrete 
wall. The lift of the lock is the same as No. 1, t.e., 35 feet. The lock site is in a 
projecting point of the north shore, through which a depression in the rock seems 
to indicate an ancient pass of the river; in fact the lock and dam will reinstate what 
was probably once upon a time the river level. Even this raised water level, how- 
ever, requires considerable excavation, and from the lock to La Passe, 7 miles, there 
will be one million cubic yards of rock excavation, mostly dry, and one million cubie 
yards of soft earth dredging. (See plate 44), 

The dam proposed is a rock-fill, which closes the depression alongside the lock, 
and, passing over the higher part of the point, crosses the north channel of the river 
to Lafontaine island. The island is sufficiently high to form a dam in itself, and it 
is only necessary to close the south channel of the river at Norman rapid. The dam 
will require half a million cubic yards of loose rock. Unfortunately, the enormous 
quantity of rock to be excavated for the channel does not lie conveniently near the 
proposed dam; the first rock excavation, Desjardins chute, being nearly two miles 
above, so it will have to be hauled the whole length of French island. Of course 
this dam, and others too, could be at first made of small proportions, and, when the 
water was raised, excavated rock from other points could be brought down by scow. 

The regulation sluices may be founded upon the high flat rock across the gulley 
from the lock; the rock surface being just about the proper height. The channel 
above the lock lies between F rench island and the north shore. 

There is a mile in length of excavation at Desjardins chute, where a couple of 
islands are directly in the line. Above this a large pond will be formed, in which— 
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at mile 193—there is a one-eighth bend and some heavy excavation through the point 
below the old dam and through a projection of Sullivan island above the dam; these 
two points interlocking as it were across the path. (See plate 9.) 

At mile 1944 the rock disappears below grade, and there is 2? miles of sand 
dredging up to La Passe averaging 10 fet in depth. This sand deposit has probably 
been increased by the building of the dams at Sullivan island, because for 2 miles 
above La Passe the river is deep. (See Plate 9.) 

Between Hennesey island ‘and the south shore, there is a heavy cut in gravel and 
boulders, and the channel makes a quarter bend in this cut, but at each end: there is 
a deep pond. Again between mile 2012 and 202% there is another heavy cut in gravel 
and boulders. (See Plate 10.) 

Here the deep water of Coulonge lake is reached, and the line continues straight 
up for 4 miles, passing out of the upper end of the lake, between Finlay island and 
the south shore, through a 7 to 10-foot cutting in clear sand for 2 miles. A quarter 
bend is then made, in deep water, around Spottswood to the foot of Paquette lock. 

The time required to complete this reach will depend upon the rate of excavating 
1 million cubie yards of rock between lock No. 2 and La Passe, the bulk of which 
is near the dam at Sullivan island. The locality permits of rapid work, as the exca- 
vation may be disposed of in the deep water above and below, and 3 years may be 
considered a reasonable time. 

The soft earth dredging below La Passe, and also that south of Finlay island, 
nearly 1 million cubic yards in each case, may be excavated by suction dredge. 

The Rocher Fendu channel is very rugged, and has practically been abandoned 
by the lumbermen. The sides are steep and very rough. The raised water will not 
cause much damage, but at the head of Calumet island the land is swampy and inter- 
sected by Berry river, through which high water now passes. 

The raised water will, of course, flow down the Calumet or north channel as well, 
but will not flood Coulonge Point more than at present. At the Calumet falls below 
Bryson regulation works will be necessary, and have been provided for. 

The alternative route by the Calumet channel has been carefully examined, and 
is described under the head of alternative routes. (See page 118 and Plate 9A.) 


Time to navigate. 
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PEMBROKE REACH. 


This level is formed by raising lower Allumette lake to the 
height of the upper lake. It extends from mile 210 to mile 265, past Pembroke, Peta- 
wawa, Fort William (Que.) and through Deep river, to Des Joachims. (See plate 11.) 

Paquette lock is founded on rock, the surface of which is elevation 350, so that 
99 feet of the chamber will be in solid rock, and the walls to be built in concrete will 
be 25 feet in height, while the lift of the lock is 20 feet. Below the lock is 300,000 
cubie yards of excavation, mostly rock, around which a coffer dam may be built and 
of which 80,000 cubie yards are rock, and there are 3 million cubic yards of rock above, 
all of which can be excavated dry also. (See Plate 45.) 
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The dam will be constructed from the rock excavation, and will extend across 
the foot of Fitzpatrick island and Reid island to Allumette island. Regulation 
works are provided on Fitzpatrick island. They will be of the ordinary stop-log type 
with concrete piers founded on rock. 

Above the lock the line follows the timber channel between Marcotte island and 
the Westmeath shore. 

The lock and dam are located upon Trenton limestone, and, beneath the surface 
rock, appears to be chazy shale. During the survey subterranean passages were 
noted, through which water flowed, and since then it has been found that the rock sur- 
face is continually caving in, indicating that new underground channels are form- 
ing, and indeed _a cave-in has taken place at the proposed lock site. Possibly these 
caverns could be filled with concrete. 

To escape serious difficulty, however, two schemes are open. First to follow the 
river bed between Fitzpatrick island and the Westmeath shore, and build the lock on 
an island 14 miles further up. The quantity of rock excavation would be lessened, 
but the increased price for excavating under water would render the cost about the 
Same. (See plate 10). 

_ .The second alternative route is to branch from Coulonge lake into Hennessey 
bay, at the head of which a lock and two miles of canal would cross the point to 
O’Brien bay—mile 212. Thig line would represent one million cubic yards of dry 
rock, one million cubic yards of boulder earth, and one milion cubic yards of sand 
dredging in Hennessey bay, say $500,000 more than the present location of Paquette 
Jock. (See plate 53). 

From O’Brien bay the channel leads up Lower Allumette lake, past Westmeath 
and around the end of Allumette island to Morrison island. The two necessany 
bends are made in open lake and good water. 

At Morrison island the existing Allumette rapid—10 to 14 feet fall—wiil be 
drowned out, and a condition similar to that at: Deschenes created. The sacrifice 
of the fall destroys the speed of the current, and the rise of surface above only 
slightly increases the depth and width of channel, so that excavation is necessary: 
to increase the channel’s size and allow a sufficient bulk of water to pass. 

There are three principal channels—the main channel north of Morrison island, 
the Log channel between Morrison island and Moffatt island, and the Lost channel 
between Moffatt island and Becket island. Unfortunately, neither of the two latter 
admits of cheap enlargement, as they are both in rock, nor does Haley’s bay to the 
south of these give promise of an easily enlarged outlet. I have, therefore, pre- 
ferred to make the enlargement in the Allumette rapid itself, by widening the ship- 
way from 300 to 600 feet, giving increased size for boats as well as an increased flow. 
This entails the removal of 14 million cubic yards of rock in a bed of chazy shales, 
which have been before mentioned as wearing away when subjected to the action of 
water at Paquette island 

The excavation may be done dry by beginning work at the northeast point or 
foot of Morrison island, and finishing to full depth. 

The main flow can then pass along Morrison island, and a dam could be built 
up the middle of the rapid, dividing it in twol, so that excavation can be done dry in 
the channel along the Allumettes shore. 

I have placed the price of excavation, however, at $1.50 per cubic yard instead 
of $1.00 to cover the cost of dams and unwatering. 

To the north of Allumette island is the Culbute channel, in which a dam and lock 
were constructed in 1877. These works will be removed and replaced by stop-log 
sluices, which, with the ones at Paquette, will govern the Pembroke reach. During 
construction g considerable flow can be passed by the OCulbute, and this will aid by 
reducing the flow at Morrison island, where the excavation is necessary. 

The channel past Pembroke is straight and deep. As the proposed level is only 
that of ordinary high water, no great damage will be done by flooding, nor will the 
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water supply or drainage be affected, and it is to be expected that the practice of 
discharging crude sewage into potable waters will eventually be discontinued entirely. 

Four miles above Pembroke, at Leblanc island, the channel passes the Lower 
Narrows—mile 231—and rock under water must be excavated. Above this for four 
miles to the Upper Narrows—mile 235—a succession of rock shoals require removel, 
amounting altogether, with that at the Lower Narrows, to 287,000 cubic yards. 

From this to Fort William, Que.—mile 238—there is deep water, and the shoals 
lying off the chain of islands—Pearl, Oak, Shoal, Gibraltar and Davis—are fortu- 
nately avoided without any sharp bends. 

At Highview, the channel sweeps around a quarter bend into the famous Deep 
River stretch, past Oiseau Rock, Schyan Point, Camp Alexander and Fraser’s Depot 
to Des Joachims—mile 265, 

The time required for the construction of Pembroke reach is dependant upon the 
two heavy excavations—over one million cubic yards in each case—at Paquette and 
Morrison islands. The Paquette work will be straight away dry rock excavation by 
blasting and steam shovels, and, if four machines are employed it could be done in 
three seasons. The difficulties in the way of excavation at Morrison island lead me 
to estimate, that at least four seasons will be required at this place. As all other 
excavation can be done and the lock completed during this time, four seasons may 
be taken as the necessary period. 


Time to navigate. 
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DES JOACHIMS REACH. 


The Des Joachims rapid is one mile long, and through it the upper river turns 
squarely north to empty into the side of the ‘Deep river’ basin. So sharp is the bend 
that ascending boats will make a quarter turn in the width of the river in order to 
enter the lock. (See plate 11.) 

The lock is of 40 feet lift, and is located in the bluff rock point opposite the 
town. The surface of the rock averages elev. 390, so that nearly 40 feet of the cham- 
ber is in bed rock, leaving 20 feet in height of walls to be constructed of concrete. 
The lock-pit itself represents one-quarter million cubie yards of rock, which will be 
dry excavation, and will furnish enough loose rock for the dam and also the crib- 
filling above and below. (See plate 45.) 

The traffic across the river will be accommodated by a bascule highway bridge 
over the lock chamber, whence the road will proceed across the river on top of the 
dam. 

Regulation will be provided for by stop-log’sluices, similar to those already men- 
tioned, and a solid rock foundation is secured. 

Quantities of logs are passed down these rapids every year, and, during the con- 
struction of the dam, special arrangements may be necessary till the water rises high 
enough to allow of their being put through the sluiceways up to the time when the 
lock is in operation. 

Above the lock there is but little excavation, as the water surface is raised 25 
feet, but the steep rock canyon sides necessitate a sharp quarter bend and consider- 
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able rock excavation off the Twin islands, between which the channel must pass. 
Above this there is fair alignment and great depth of water to Mackey, where the 
Montreal and Ottawa districts end. : \ 

There is an old pass of the river to the north of Des Joachims village, through 
McConnel lake, by which very high water occasionally passes. This is too rocky and 
narrow to admit of improvement for large navigation, and a very sharp turn would 


for in the estimate. 
The time for construction is dependent upon the building of the lock. Two 

seasons will be required for the excavation of the pit, and another season for the 

concrete work. During this time the rock excavation off the islands above can be 

done dry before the surface is raised, so that the time may be set at 3 years. 
Continued as Rocher Capitaine Reach on page 127. 


ALTERNATIVE LINES, UPPER OTTAWA. 
PORTAGE DU FORT REACH (ALTERNATIVE). 


lock. This amounts to 40,000 cubic yards of rock and 105,000 cubie yards of earth, 
which ean be taken out dry as the present water surface is just about grade. (See 


CALUMET REACH (ALTERNATIVE), 


Mountain lock is founded on rock, the surface of which averages elevation 265, 
so that 27 feet of the chamber is in solid rock, and the walls are 35 feet in height. 

The lift of the lock is 35 feet, the upper surface being of equal elevation with the 
middle Rocher Fendu reach, elevation 315. 

Above and below the lock are the usual entrance piers, founded on loose rock 
where the bottom is below grade. (See Plate 52.) 

There will be a rock-fill dam from the lock, across the head of Mountain chute, 
to the high shore on the opposite side. This will require 160,000 cubic yards, of loose 
rock, which must be obtained from borrow pits as the rock excavation is barely suffi- 
cient for the lock concrete and the entrance piers. 

Regulation sluices, 20 in number, will be placed on the rock ridge between the lock 
site and the present timber slide, the rock surface being about the proper elevation 
for their foundations. 

Above the lock the reach will extend for 3 miles to the foot of Bryson lock. 
There is rock to be excavated at the Dargis rapid and for 1,100 feet below the lock, 
amounting in all to 115,000 cubic yards, which can be excavated dry. { 

There are two quick bends in the reach; an eighth bend just above Mountain’ 
lock and a quarter bend one mile below Bryson lock. They compare with the two 
bends beiow Rocher Fendu lock 1. 

Time to complete would be two or three years. 


BRYSON-COULONGE REACH (ALTERNATIVE). 


The surface of this reach is that of Coulonge lake. Its length from Bryson 
lock to Paquette is 27 miles. (See plate 9A). 

Bryson lock ig placed on the island side of Calumet falls, in the tine of the old 
timber slide. The rock surface averages elevation 330, so the side walls are 25 feet 
high, and the rest of the chamber is sunk into solid rock. The usual entrance piers 
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above and below are placed along the island side, so as not to obstruct the river 
flow. (See plate 52). 

Below the lock is a narrow section, but the contemplated raise of the water sui 
face from elevation 290 to elevation 315, or 25 feet, greatly increases the channel 
capacity, and 20,000 c.f.s could be passed with a 3-foot per second speed of current, 
This will not be necessary, however, as practically the whole river could flow by the 
other channel at Sullivan island regulation works. 

The Bryson dam is placed on the site of the oid one, and consists of a continuous 
line of stop-logs. The flow towards these is square away from the path of vessels, 
and consequently a cross-current will be created unless most of the flow is passed by 
the Rocher Fendu channel. 

A trial line was investigated from Millar bay to Colton bay, straight across the 
point separating Portage du Fort from Calumet falls. The cutting for 14 miles is 
60 feet to 100 feet in depth, and the line would cost three million dollars more than 
the one laid down by the river. The two miles less distance would be counter- 
balanced by the greater time required to pass through the canal at reduced speed. 

At Calumet falls a line through the gully, parailel to the river, proved impracti- 
cable. 

Above Bryson lock for 5 miles to Campbell bay the channel foliows the deepest 
portion of the river by sweeping curves, which are marked by lights and numerous 
dolphins or clusters of piles. 

The river above Campbell bay is only 400 feet wide between rock sides known as 
the Grand Rocher, but the depth is 30 feet. From this piace, mile 193 to mile 201, 
the deepest portion of the river is followed with, nevertheless, an average cut of 5 
feet, the long swings being marked by lights and dolphins. The excavation from 
Bryson, mile 188, to Grand Marais, mile 201, amounts to 2,500,000 cubic yards of 
easily dredged sand and clay. 

In Coulonge, the line passes between the principal street of the village and the 
railway station, necessitating a 200-foot bridge to give access to the latter, and 
another highway bridge is required at Bryson lock. 

The excavation is in soft material to Frost island, and amounts to 750,000 cubic 
yards. From Frost island to Hennessey island and up to the junction with the 
Rocher Fendu line, a distance of nearly two miles, the excavation is in hard’ bouider 
material, amounting to 300,000 cubic yards. 

This route would cost about $1,000,000 less than the Rocher Fendu. It would be 
three miles longer in distance and one hour longer in time. The whole 16 miles 
from Bryson is through restricted channel. 

As to the danger of silting up with sand, it may be said that modern dredges 
capable of excavating 20,000 cubic yards per day have rendered this trouble of much 
less importance than formerly. (See page 102.) 

The time required to complete this reach may be set at three seasons, or the same 
time as for the construction of the Rocher Fendu route. From Chenaux to Paquette 
via Rocher Fendu, 35 miles, would take six hours. From Chenaux to Paquette via 
Bryson, 38 miles, would take seven hours. 


CULBUTE ROUTE (ALTERNATIVE). 


Instead of passing by Westmeath and Pembroke, an alternative route is avail- 
able by the river channel north of Allumette island. This line leaves the chosen route 
at mile 2084, just below Paquette rapid, and, instead of turning south, continues 
directly west past Chapeau to Culbute locks. (See Plate 9A.) 

The Coulonge lake level is continued three miles to Waltham lock. This channel 
below the lock for the first two miles is in alluvial dredging, the north side being 
always above the water and practically constituting a canal bank. The excavation 
amounts to about 2,500,000 cubic yards of sand and clay. 
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The Black river is crossed at mile 201, its surface being the same as that in the 
eanal. No structure would be necessary, but, owing to the silt it carries and the 
possible cross-current it would create, it has been thought best to divert the river 
westward, and a new channel 3 mile long, north of the canal, has been estimated. 
This will secure the deposit of whatever silt there may be in Lynch. lake. (See 
Plate 9A.) 


DEEP RIVER REACH V27@ CHAPEAU (ALTERNATIVE). 


Waltham lock lifts 20 feet up to the level of Deep river. It is set on rock averag- 
ing 350 elevation, so that half the chamber depth is in rock and half consists of con- 
crete walls. The entrance below the lock is in: rock. Altogether 100,000 cubic yards 
will require removal, which can be done dry. Above the lock there is immediately 
deep water. (See Plate 53). 

The dam extends from the head of the lock, forming its entrance pier across to 
Humphrey island. It will require 250,000 cubic yards of loose rock, which, with 
50,000 cubic yards for the lock concrete, can be obtained from the lock excavation 
and the entrance below. 

Another dam will be necessary across the south channel at the Allumette rapids 
below Pembroke, requiring 500,000 cubic yards of rock and 49 stop-log sluices at 
Morrison island. 

The water surface above Waltham lock will be raised 25 feet, giving more than 
sufficient depth without any excavation. 

The shores are steep enough to allow this rise, and a lake 10 miles long and 
remarkably straight is impounded, which is from 3 to 4 mile wide at surface. 

The only interruption to navigation is a bridge required at Chapeau .about half 
way up. Near the head, however, at Culbute locks a granite outcrop alters the river 
to practically a rock canyon for one mile in length. 

Rapids existed at this point, but in 1876 a dam and two tandem locks were built 
of timber by Mr. Perry, C.E., thus creating a slack water navigation from Bryson to 
Des Joachims, 75 miles. Rail communication, however, was just then extended to 
Pembroke, and consequently no boat traffic was ever created. The works are going to 
pieces, but photographs and measurements were made to preserve this interesting 
example of timber lock construction, probably the largest ever built. 

The channel through the rock canyon necessitates the removal of nearly 880,000 
cubic yards of rock, which can be done dry by damming the channel just above 
mile 223. (See page 325.) 

Above this the line issues into Allumette lake, and, with only slight excavation 
between mile 225 and 226, reaches a junction with the Pembroke line near Fort 
William, Que. 

The time to complete this route would be governed by the 800,000 cubie yards of 
rock excavation at Culbute, which is big blast work, the rock being almost vertical 
- and 72 feet high. One point is 300 feet square and contains 225,000 cubic yards. 
This could probably be removed in two seasons, during which time the cliffs on each 
side below it and the large areas at the wooden locks could be disposed of. 

From Paquette to Des Joachims via Pembroke, 55 miles, would take 62 hours. 

From Paquette to Des Joachims via Culbute, 45 miles, would take 54 hours, 

The Culbute route would be about one million dollars cheaper than the Pembroke 
route, but it is almost certain that a branch from Fort William, Que., to Pembroke 
would have to be dredged, which would make the two routes cost the same amount. 
The Pembroke route is wider, giving better facilities for passing. 
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REPORT BY MR. S. J. CHAPLEAU, M. AM. SOC. C.E. ASSOC., M. CAN. SOC. C.E.— 
DETAILED DESCRIPTION OF ROUTE AND PROJECT— 
NIPISSING DISTRICT. 


DES JOACHIMS TO GEORGIAN BAY. 
OBJECT. 


Upon the consideration of reports, plans, estimates, and much collected data 
relative to former investigations of the French, Mattawa and Ottawa rivers as a canal 
project, from the Georgian Bay to Montreal, it was seen that the available information 
they contained was entirely inadequate to the object in hand. Much of it was open to 
criticism, owing to the scantiness of the data obtained in comparison to the territory 
covered; there was an almost entire lack of connection between investigated areas 
where critical changes of profile, in final design, would probably occur; there was 
an absence of the known limits of any governing flood contour; and also the fact that 
i4 foot draft and 2,000 tons was the greatest governing feature with one exception. 
This exception was the estimate made by the Montreal and Georgian Bay Canal Com- 
pany for a 21-foot channel based upon. data obtained previous to 1904, and which 
necessarily must have been largely of a speculative nature and not at all in keeping 
with the laying down of such a project, with that degree of intelligence which that 
project, being a national one, demands. 

It was consequently determined that the survey to be undertaken should be so 
broad in its scope that no doubt would exist as to the value of the final projected 
location, the distribution and design of the governing structures, and the estimates 
for the construction thereof. 

The initial decision of the executive was to so prosecute the survey as to permit 
of a canal project being developed that would allow the navigation of the largest 
lake steamers in the carrying trade. The size of the lake carriers is well 
defined by the types existing and building on the Great Lakes at the present time. The 
tendency of the lake carrier construction is to increase beam and length, the draft 
being fixed; a condition forced by the limit of depth through the submerged, artifi- 
cial channels of the St. Mary’s river, St. Clair river, Lake St. Clair, and the Detroit 
river. This depth is 22 feet and is likely to prevail, for the reasons following :— 


Lake Superior is nominally 22 feet over the Huron level, and the original pro- 
file between them, previous to the present channel cut through the Middle Neebish 
(completed in 1899) showed approximately a fall of 18 feet at St. Mary’s rapids, and 
four feet in the river from the foot of the rapids to Mud lake. 

The channel cut through the Middle Neebish had the effect of flattening the river 
slope between the above points, necessarily increasing the fall between the head and 
foot of the rapids, thereby increasing the lift of the Soo locks, which forced a 
shallower depth on their lower sills, and also q shallower depth through the then 
completed Middle Neebish channel than was anticipated. 

This condition, which prevailed when the survey for the Georgian Bay Canal 
waterways was undertaken, is now designed to be overcome by the development of 
the new channel cut through the West Neebish—completed this past year—and the 
construction of a new lock, which is about to be undertaken in the St. Mary’s falls 
eanal,.and which when completed will allow the passage of 21 feet between Superior 
and Huron at the lowest stage of the Huron level. 
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This new channel cut through the West Neebish—joining Hay and Mud lakes— 
will naturally tend to further flatten the river slope below the St. Mary’s rapids, but 
it is made deep enough to guarantee the above draft. 

In consequence of the above it appears that the limit of draft to 21 feet between 
the Superior and Huron levels has been reached for some time to come. The same 
arguments may be applied to the improvements of the St. Clair river and lake, and 
the Detroit river, respecting the Huron and Erie levels. 

Unless some abnormal expenditure is made in the immediate future, for the con- 
struction of locks at St. Mary’s falls other than the new one now projected, and that 
will permit the passage of a deeper draft and also a further deepening of the above- 
named channels, the extreme draft of 21 feet must necessarily obtain. 

Harbour accommodations of the upper lake ports are all more or less subjected 
to dredging operations in order to berth the draft now defined by the above channels. 
Any increase in the depth of these channels means a corresponding increase in the 
depth of the lake harbours, to obtain which would require an enormous expenditure. 

For the above reasons, the depth on the sills and in the reaches of the Georgian 
Bay Ship Canal project was determined to be 22 feet. 

In the determination of the lateral dimensions of the lock chambers it was only 
necessary to consult the dimension of the largest carriers built and building, and 
then allow a reasonable margin for an increase in both. This was done, with the 
result that the locks estimated for will accommodate 650 feet in length, 62 feet beam, 
and 21 feet draft, there being 22 feet depth of water on the sills, as stated above. 


NIPISSING DISTRICT. 


Nipissing district extends from the Des Joachims rapids, about 45 miles above 
the town of Pembroke, on the Ottawa river, to the mouth of the French river on the 
Georgian bay, a distance of 170 miles of direct distance. It covered originally that 
part of the above territory east of Lake Nipissing, but subsequently it embraced the 
investigation of possible routes across Lake Nipissing, together with supplemental 
details and additional surveys to those already made by this department in 1901, of 
the French river from Lake Nipissing to the Georgian Bay. 

Every alternative route between similar points within the district has received 
the fullest investigation and no possible location was rejected until it had been proved 
to be inferior to another—the elements of cost, ease of construction, adaptability to 
the class of navigation intended, and alignment entering into the consideration. The 
total length by direct distance of all routes investigated in this district being 241 
miles. 

During the first week in October, 1904, the survey was organized and the field 
work immediately commenced. General instructions, prepared by the department, 
were issued to the engineer in charge of each party, which covered in full the nature 
of the work to be undertaken. These were supplemented in detail from time to time 
by the district office as the work progressed to suit the local condition and the value 
of the immediate location involved. 

With the exception of a survey of the Pickerel river and the closing of the Lake - 
Nipissing triangulation all field work was completed by December, 1905; the field 
parties disbanded, and the principal officers moved to Ottawa where the final reduc- 
tions and plans were completed. 

That part of the district east of Lake Nipissing was first investigated on account 
of the problem presented by the Summit section. A duplicate loop of very accurate 
levels was early carried over this part of the district, and a thorough reconnaissance 
made of every possible economic route with the assistance of all available plans and 
profiles of previous surveys. 

With this information a profile of raised water surfaces between the proposed 
different pools, or reaches, was struck, when it became possible to determine the 
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elevation of the highest possible flooded contour over the areas that would be of 
necessity affected, following the erection of dams and other regulating works that 
might be projected in the final design. This made it possible also, to confine the work 
of the different parties within the limits of the affected area. 


The same method of preliminary investigation of the French river later deter- 
mined the nature and extent of the additional surveys necessary to develop that 
stretch of river up to the required standard. 


METHOD. 


The extreme roughness of the country and the entire absence of connected points 
o! the developed areas of previous surveys forced the adoption of an almost contin- 
uous triangulation net covering the enitre district; this, with the subsidiary trian- 
gulation and main closed traverse, supplied the basic net upon which the topography 
and soundings of developed areas were subsequently hung. 

The main triangulation was verified by consecutive base-lines situated at as suit- 
able intervals as the nature of the country would permit. 

For the triangulation and main traverse alt-azimuth transits reading: to single 
minutes and thirty seconds were used. In observing the angles the repeating method 
was followed closing the horizon at each station with 180°. 

Individual triangles adjusted only the normal condition that their angular sum 
equalled 180°. 

Starting from a measured base-line the triangulation was developed to include 
the affected area and closed on a second measured line. Base lines measured by 
steel tape with spring balance and thermometer, tape length previously determined 
by comparison with standard for temperature and tension, the line levelled, reduced 
to the horizontal and correction for the tape error applied. 

Comparison of the measured base-line and its length as brought forward through 
the triangulation gave the error of the running. The greatest discrepancy was ‘):4 
feet through eight miles of triangulation; least discrepancy was 0-6 fet through 40 
miles of triangulation. 

The work across Lake Nipissing connecting triangulation of the Summit with 
that of the French river approaches secondary triangulation. Some of the sights 
being as great as ten miles, necessitated the use of the heliograph, and great care in 
observing the angles and in the adjustment of the triangles; the error of this running 
was 0-5 feet in 20 miles. 

Azimuth, established at short intervals by observing on Polaris or some other 
circumpolar star at elongation, verified the running and at base-line points deter- 
mined the correction of the connecting triangulation. 

In comparison of carried and observed azimuth between consecutive bases, the 
resulting difference, after correction for convergence of meridians-is that due to the 
algebraic sum of the errors of observation for azimuth and of carrying the azimuth 
between bases. In each case examined this was so small as to be neglected as an 
agent of adjustment. 

Main traverse was carried by chain and steel tape, the usual methods obtaining 
and if by stadia, the reductions for distance and elevation were by formula direct, 
containing last determination of wire interval, wires being fixed. 

Customary method of traverse between triangulation stations wag to start from 
a triangulation station, meander for positions required for topography shots and the 
circuit closed on the next main or subsidiary station, the back azimuth being carried 
throughout. 

Closure of these lines by latitude and departure with co-ordinate difference of the 
main stations afforded the required check. 
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Main circuit closed-traverse closed to within 1 in 1200. Shore line stations united 
topography and hydrography, and continuous cross-river sites served to further con- 
nect the work. 

In delineating shore contour and general topography unobstructed by under- 
brush, &., the stadia method was used. Wires being fixed, the interval was deter- 
mined for each instrument on measured bases and redetermined from time to time. 

Stadia sites for distance and vertical angle served as an argument to compute 
the true elevation and location of topography shots by use of diagrams constructed 
from the interval. 

Where much underbrush prevailed, topography was obtained by means of Land 
level, rods and tapes, with angle mirrors or box sextants for direction; ‘ Y’ level lines 
along the controlling traverse supplying the initial elevation. 

Where the shores were very precipitous and confined long stretches of river, 
either a limiting contour traverse line was run or the slope, if it were a quick one, 
wes estimated from the shore stations, providing that the limit of the proposed raised 
water surface would have no material effect. 

Location of possible structures was closely cross-sectioned by transit and level 
or closely developed by stadia. 

In general, localities were covered so as to enable them to be developed in 2, 5 _ 
and 10-foot contours. 

HYDROGRAPHY. 


The major part of the soundings were made from the ice; boring machines con- 
sisting of an auger geared to a hand wheel mounted on asled and capable of drilling 
a 4-inch hole through 86 inches of ice, were used for this purpose. The lay-out was 
defined by the depth being found, reference being made to the elevation of the pro- 
posed water level; these lay-outs, defined by connected traverse, were either in squares 
or parallelograms and varied from 25 to 500 feet each way. Recourse was also had 
to boat soundings in the summer, and the use of the sweep-bar, definition by transit 
intersection, float-line or marine sextant. 


MATERIAL. 


Information as to the nature of the material worked over, independent of a 
special party organized for that purpose, was carefully obtained by observation and 
Ly test-bars at those points over the entire district where excavation was likely to 
occur. Also nearby location was noted of such material as would prove valuable dur- 
ing construction. 


LEVELS. 


The datum plane of reference upon which the levels of the Georgian Bay Ship 
Canal surveys are based is that of mean sea level at New York, being the same as 
that upon which the sounding planes of reference of all the charts of the Great 
Lakes are based. 

Very accurate engineer’s levels were primarily carried over the entire district 
east of Lake Nipissing, connecting the terminal bench marks of each field party 
working therein. Benches at the head and foot of each break in the natural water 
profile were early established and connected to continuously kept sight gauges nearby. 

The final elevation of these bench marks to the above datum was later deter- 
mined by precise Jevels carried by a special party from Rouse’s Point, N.Y., to 
North Bay, Ont., a complete report of which will be found under ‘Precise Levels.’ 

The above precise level line terminates at North Bay in bench mark ‘ Chippewa’ 
No. DXLIV, and from this bench mark, with its elevation as determined by the pre- 
cise line, the French river levels were carried through to the Georgian Bay—the 
Huron level—by water level transfer and accurate. engineer’s levels. 

Water level transfer across Lake Nipissing, and along permissible reaches of the 
French River was made by many simultaneous readings of sight gauges, each accu- 
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rately connected to its adjacent bench mark, and under the most favourable condi- 
tions of weather. Accurate engineer’s levels in duplicate or more lines, connected 
these bench marks over the natural changes of the river profile, and where the surface 
slope of the river would not permit of water level transfer. 

All the above engineer’s levels, throughout the district, were carried by the 
Nipissing district staff. Instrument used was a Gurley 22-inch ‘Y’ level, with 6 
sec. vial, reading two specially made target rods, of the United States Coast and 
Geodetic pattern, to thousandths. 

Refined adjustment of the results of the enginer’s level lines was not entered 
into, it being considered sufficient that the limit of error of each running was within 


0:02 V/ (miles between B.M.s.), as it was in each case. 

It may be noted here, although the same information will be found in detail in 
tle report under ‘ Precise Levels’ that the value of the ‘ Precise Level’ determination 
cf the North Bay terminal bench mark, and the district engineer’s elevation of the 
F’xench river terminal bench mark, as established by the French river running, were 
checked by the Nipissing district office, as follows :— 

Automatic gauges were established at French river, Collingwood and Toronto, 
the zeto of each tied to an adjacent permanent bench mark; that at French river to 
tlhe terminal of the French river running from North Bay and those at Collingwood 
and at Toronto to terminal bench marks of a precise line subsequently run between 
those points by the precise level party. 

The records of these automatic gauges compared with those of the Uniited 
States lake survey on Lakes Huron and Ontario, over two consecutive seasons, deter- 
mined by water level transfer, the elevation of the above gauge terminal bench marks 
independently of their elevations as determined by the precise lines and the engineer’s 
levels from North Bay to French river; thus affording the required check. 

All levels other than the above carried by the parties working in the Nipissing 
district for the supply of the topographic and sounding base, or in defining the 
surface profiles and elevations of and between the different pools, were run, by ‘Y’ 
and Dumpy levels with sight rods of the ordinary pattern. 

Correction was insured by at least duplicate lines with a set limit of error of 


0-08 \/ (miles between B.M.s.) . 

In the survey of the Pickerel river, made subsequent to December, 1905—June, 
July, 1906, a different method was adopted, of which it may be well to give a short 
synopsis here. 

Haste being essential, time for triangulation could not be afforded and a chained 
traverse was impossible. 

A very accurately carried stadia traverse, starting from and closing on the points 
of the main triangulation of the French river, which had already been made to the 
north of the Pickerel river, formed the base. The traverse followed one shore or the 
other, cutting in points on the other side. This was made by a Heller & Brightly 
transit reading to 30 seconds horizontal, single minutes vertical, and two special 
double target, 12-foot rods with vernier reading to 1 one-thousandths. Wire inter- 
val determined frequently and reduction of readings for distance by formula direct 
to interval found; the angles repeated normal and reversed and the instrument 
maintained in perfect adjustment. Rod readings were the mean of. several 
observations, and rods alternately B.S. and F.S., the target clamped after last 
reading and checked at instrument. The longest closed traverse was 46-5 miles 
and checked to 13-2 feet in latitude, and 21-3 feet in departure, the angular error 
of closure being less than one minute. Another length of circuit of 38-2 miles closed 
to 29-4 feet latitude, and 5-0 feet departure, the angular error of closure being 46 
seconds. Other closed traverses showed the same degree of accuracy. Total traverse 
was 108 miles direct distance. This was probably as accurate as any stadia work 
done on this continent, and as less men were required to carry it, proves that, a high 


126 DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., A. 1909 


class stadia traverse through rough country is less expensive and more accurate than 
that carried by chain or tape, and compares favorably in results with triangulation 
where the triangles are small. 

Topography and shore-line by two stadia parties followed main traverse and deve- 
loped area possibly affected by construction that permitted plotting to a scale of 
Y%so0 within a limit of error of 2 in one hundred; contour interval 5 and 10 feet. 
Elevations for soundings and topography from B.M.’s of engineer’s level line prev- 
iously run between precise levels terminal B. M. at North Bay and the water level 
transfer terminal B.M. at French River village. 

Limit of hydrography, between grade contours, was determined by channel sweep 
200 feet wide of submerged wire, with extremities of sweep fixed by marine sextants 
to shore stations at short intervals. 

Points above grade found by sweep were developed later by soundings with float- 
line and transit. 


PLANS. 


Sufficient field plotting was carried on during the progress of the work for the 
purpose of checking the closures and for the assurance that all the required area to 
ve developed was fully covered. The final plans were developed in Ottawa by the 
district staff, the main plans being plotted to a scale of 400 feet to the inch. The 
triangulations and main traverses plotted between their bases by adjusted latitudes 
and departures without reference to Geodetic position beyond the definition of true 
meridian at the base line and other prominent points. 

Traverse and topography being plotted on this net allowed the contours to be 
developed on 5 and 10 feet intervals within the range of the work. Upon this the 
final horizontal location was projected and the centre line profile plotted to a scale 
400 feet horizontal and 20 feet vertical. The elevation of grades and raised water 
surfaces of the different reaches having been previously established in the field, 
allowed the vertical projection of the location to be made. The above established the 
limit of the grade contours which allowed cross-sections to be developed over affected 
areas from which the estimates were obtained. 

Locations which would probably be occupied by the controlling structures were 
plotted separately to scales of 100 feet and 50 feet to the inch, allowing the projec- 
tion upon them of the proposed works, and permitting cross-sections to be taken off 
more closely at these places than that required for the channel excavation, &c. 

The areas of cross-sections in excavation or embankment required for quantities 
were taken off by planimeter and the volumes obtained by method of mean distance. 

Materials determined by borings both by the district field staff and by the special 
party organized for that purpose, were plotted in vertical section to a requisite scale 
on the main sheets, near by the locality where they occur. 


‘BORINGS. 


Early in the survey of the Georgian Bay Ship canal, it was seen that the field 
parties would be unable to investigate fully the nature of the material through which 
the canal was designed to pass. Individual parties, therefore, were organized for 
this work under the direction of engineers in charge and overated throughout the 
district with ‘Pierce’ boring machines and by means of test-pits dug by hand labour. 

Where excavation was shown to occur from the profile in submerged 
channel or canal cutting, but more particularly at the location where controlling 
structures were proposed, plans of these locations were prepared for the guidance of 
these parties, showing thereon triangulation stations and traverse points to enable the 
borings taken to be plotted correctly upon the final sheets. 
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The boring party covered the district from Des Joachims to Lake Nipissing, 
over every route investigated, and also the location of the dam sites and the projected 
location of the feeder canal. 

Borings by this party were not undertaken down the French river below the 
Chaudiere, as solid rock is in evidence there continually. A detailed report covering 
these borings will be found elsewhere. 


DESCRIPTION BY REACHES. 
‘ey 

The Nipissing district begins about four miles above the Des Joachims rapid, 
or 271 miles from the Custom-house at Montreal, and follows the Ottawa river to 
Mattawa. 

The surface elevation of this part of the river is subject to considerable varia- 
tion during the year, owing to spring floods and the low water of each succeeding 
fall, some pools having a variation of 16 fect. In order to determine a continuous 
profile of the water surface over this stretch of river, mileage 271 to Mattawa, gauges 
placed above and below each break in the river profile were read simultaneously on 
October 15, 1905, at which time the river was close to its lowest stage. This allowed 
the proposed changes to be referred to a uniform condition of the river. 

The stretch of the Ottawa river which lies between the Rocher Capitaine and 
the Des Joachims rapids stands at about elev. 388, is 184 miles long, comparatively 
straight, and of considerable depth, excepting at three places where small rapids 
occur. It is proposed to raise this reach to elev. 410, which will obliterate the rapids 
and minimize excavation. 


ROCHER CAPITAINE REACH. 


The rise of the river from Ferris point, mileage 271, to the foot of the Rocher 
Capitaine rapid is 7 feet. Reilly’s rapids, at mileage 278, just above Rockliffe, has a 
fall of about 2 feet, McSorley’s rapid two miles above has a fall of about 3 feet, and 
the Maribeau rapids just below the Rocher Capitaine have a fall of about 2 feet) 
The pools between are practically level, with little current except at the mouth of the 
Dumoine river, which empties into the Ottawa on the north at mileage 275, where a 
current occurs due to a two-tenths head at the junction. 

The river between these rapids is comparatively deep and flows between very high 
and steep banks, which will permit it to be raised to elevation 410, or about 20 feet 
at the head of the Des Joachims rapid, and 13 feet at the foot of the Rocher Capitaine 
rapid without causing undue damage. This is obtained by dams near the foot of the 
Des Joachims rapids where will also be situated the regulation sluices for the control 
of the reach to the Rocher Capitaine above. 

The raised level would back up Mackey creek west of French’s lake to beyond the 
line of the Canadian Pacific railway, which crosses the creek about 2imiles from its 
mouth. No damage would occur to the roadbed other than what could be remedied 
by about 500 feet of rip-rap on either side of the crossing. 

The Pembroke road would require to be diverted some distance south in order to 
obtain a good crossing. 

Raising the present surface of the river to elevation 410, will drown out the 3 
rapids below the Rocher Capitaine, and only a small amount of excavation will be 
required to obtain a channel width of 300 feet, and 22 feet depth at those points. 
The excavation is considerably scattered at each locality, while between the rapids 
the river is wide enough to meet the required conditions. 
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The centre line as laid down shows several changes of direction, the sharpest of 
which would approach a 45 minute curve over a length of about 34 mile. 

A spur from the hills, which confine the river on the north, turns abruptly to the 
south at mileage 285, throwing a rock and drift barrier across the river at this point; 
this causes the Rocher Capitaine rapids, which have a fall of 40 feet in about 14 miles, 
and the natural course of the river through them is narrow and very tortuous. 

Two propositions were presented here to carry the canal line over this divide :— 

One was to throw a dam across the river at the Maribeau rapid to maintain the 
water above it at elevation 470. This would raise the water level above the Rocher 
Capitaine rapid by 30 feet, and below by 73 feet, when with a flight of two locks in 
Maribeau island, on the north shore, the present course of the river could be utilized 
as a channel, the raised water surface giving a sufficient width. Two sharp quarter 
bends occur in the channel above the Maribeau rapid, one following the other in the 
opposite direction, making practically a reverse curve in less than one mile. The 
Maribeau dam would require to be 95 feet high at its highest point and about 2,600 
feet long, with regulating works at one end. The locks would have to be constructed 
on a very expensive and difficult foundation, to accomplish which enormous coffer- 
dams would be required. 

While the above proposition would allow more of the natural channel the river 
hes already cut for itself to be taken advantage of, it was rejected for the other more 
easily constructed project, that of cutting a channel through the spur of the hills to 
the north of the rapids, with locks at the lower end, nearly all of which can be con- 
structed in the dry. Dams and regulating works at the head of the rapids will main- 
tain the river level between there and the Deux Rivieres rapid at elevation 470, or 30 
feet above its present level. 

The 60 feet difference of level between the proposed two pools will be overcome by 
a flight of 2 locks having a lift of 30 feet each, with sufficient cribwork lining the 
approaches above and below. 

A channel cut 12 miles long will join the upper end of these locks with the river 
above. This will average 18 feet in depth of cut for % miles, 40 feet in depth for 4 
mile, the remainder of the cut being small. The cut will be 250 feet bottom width 
and contain 2 slight curves. The upper entrance to the lock is on a 2° curve for 
1800 feet, and where the channel cut passes to the river at its upper end there is a 
45 minute aurve for 4,000 feet. The total excavation for channel and lock pit will 
approximate 2,311,932 cubic yards, 1,232,329 cubic yards. of which will be rock. The 
locks will have rock foundation throughout and % of their depth is below the original 
surface of the ground. Part of the lower lock pit, all of the upper and the channel 
above, will be dry work; a heavy coffer-dam below the lower lock will be necessary. 

The locks are designed to be of solid concrete throughout, except the gate abut- 
ment quoins which are of granite masonry. They are to be operated by culverts 
through the side walls at the floor levels and will be controlled by cup-valves, while 
double sets of steel gates at the upper, intermediate and lower sills will aflord the 
change of level. 

A hydraulic-electric plant situated near the lower end of the lower lock and sup- 
plied by water under 60 ft. head from the canal above will furnish the power for oper- 
ating the lock gates and valves, and for lighting the canal above and the approaches 
below. 

-‘The dams to hold back the upper pool will be of the rock-filled type in the main 
channel of the river and across the sny at the upper end of the Rocher Capitaine is- 
land. Their upper face will have a 3 to 1 slope, with timber mattress and earth 
filling, the proportion of rock to earth being about 1 to 4. Together they will contain 
about 177,552 cubie yards. ‘Stoney’ gate regulating sluices running from the north 
end of the river dam will govern the level between here and the foot of the Deux 
Rivieres Rapid. ‘They will close openings 20 feet deep by 40 feet wide between sub- 
stantial concrete piers and are designed to pass 40 per cent in excess of the maximum 
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regulated flood discharge. Running from the north end of the regulating sluices to 
the raised water contour will be a concrete dam having an average height of 20 feet. 

The piers between the regulating sluices will carry the operating machinery for 
the sluices and also a highway bridge which joins the roadway over both dams con- 
necting both shores. 

Concrete cut off dams will extend from the entrance walls of the upper lock to 
the flooded contour; these will be below the filling behind the walls and cribs and are 
to prevent leakage from above. 

The crib work approaches to the lock will have a total length of 3,400 feet. At 
‘the upper entrance to the channel cut there will be an entrance crib about 1,000 feet 
long; this cribwork will average 30 feet in height. 

The reach above the Rocher Capitaine, when raised to elevation 470, will prove 
an excellent channel for navigation to the foot of the Deux Rivieres rapid 10 miles 
above, and no excavation will be necessary along this reach. The river here will aver- 
age over 1,000 feet in width; several bends will occur but they are long and of easy 
curvature; no damages are incurred through raising the water surface in this pool. 


DEUX RIVIERES REACH. 


(3) 


Over the Deux Rivieres rapids the river falls 33 feet in 3 miles. The lower 
rapid, the Deux Riviéres, at mileage 296, has a fall of 15 feet in 4 mile; the next 
above, the Trou, where the Maganasibi river flows into the Ottawa ee the north, has 
a fall of 7 feet in 4 mile; 2 of a mile above the Trou there is very swift broken water 
known as the Toro rapid, and immediately above this are the LaVeillee rapids. From 
the head of the Trou to the head of the LaVeillee, a distance of 14 miles, the fall is 
12 feet. The fall of these rapids, together with the river slopes between them, forms 
the Deux Rivieres rapids. 

From the head of the Deux Rivieres rapids to Mattawa, 194 miles further up, the 
river is well contained between steep slopes of high Laurentian hills, and for the 
first nine miles above is ina fit condition at the present time for the required scale of 
navigation. Between Klock, 94 miles above Deux Rivieres, and Mattawa, 10 miles 
further up, there are two small rapids—the Rocky Farm, immediately above Klock, 
2 miles long with a fall of 4 feet, and Burritt’s ? miles long with a fall of 4 feet. 
These rapids are quite shallow and the current mous them is about 4 miles per hour. 

The river at Mattawa stands at about elevation 486.50 and at the head of the 
LaVeillee rapid at 475, making a total fall of about 12 feet between the two points at 
low water. At high water the fall is greater owing to the river expanding below. 

By raising the river at Deux Riviéres rapids to elevation 500, 30 feet above the 
pool below, navigation may be obtained through to the town of Mattawa, where the 
route must necessarily leave the confines of the Ottawa river, and where the next step 
in the canal profile will occur. 

Two routes were investigated to overcome the change of level necessary at Deux 
Rivieres. 

In the first route, the canal line follows the river, the lock being placed at the 
foot of the Deux Rivieres rapid close in to the south shore, the dam containing the 
regulating works thrown across the river to the north. 

In the second or adopted route, the canal line enters the south shore below the 
Deux Rivieres rapid where a lock gives the requisite connection between the two 
pools. The dam will be thrown across the river about in line with the lower gates and 
will be of the rock-filled type similar to the Rocher Capitaine dam. It will be about 
800 feet long, 75 feet high at its middle point, and contain about 306,259 cubic yards. 
The regulating sluices to maintain the upper level at elevation 500 will be between 
the foot of the lock and the dam. 

The regulation will be by ‘Stoney’ gates against openings 30 feet deep by 40 
feet wide, and designed to pass, when wide open, about 40 per cent in excess of the 
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maximum regulated flood discharge. These gates will be operated between concrete 
piers with concrete abutments keyed into dam at one end and connected with lock 
at the other; an operating bridge running over all. The apron below the regulating 
sluices will require to be heavily paved, as the discharge here will necessarily be of a 
high velocity. The lower entrance crib on the north side of the lock will extend for 
a distance below the lock to deflect the current from the sluices and sufficient to en- 
sure the easy passage of vessels to and from the lock below; this approach will re- 
quire heavy stone filling behind it. . 

The lock will have a lift of 30 feet, operated by culverts under the floor controlled 
either by ‘Butterfly’ or ‘roller bearing’ valves, and double sets of steel gates in the 
chambers at both ends. 

The lock, regulating sluices, and dam, will rest upon a rock foundation. The main 
coping of the lock wall will be about 20 feet above the present surface of the ground 
which slopes towards the river on the right about 1 in 20. 

Above the lock, a canal 250 feet wide, and a little more than 13 miles long, with 
an embankment on the river side, leads to the basin above. This cutting will average 
17 feet in depth and will contain (including lock pit) about 1,153,041 cubic yards. 
The excavated material will be used for the embankment which reaches from the 
upper entrance of this canal to the north entrance erib of the lock, 1,000 feet of which, 
at its lower end, will have a puddle core. 

The main dam will produce a very large basin of water immediately above it, 
a large part of which will flood the land through which the canal must necessarily 


material in the excavation, will allow slack water navigation through the canal, un- 
disturbed by cross currents that would be set up by the regulating sluices at the lower 
end passing such a large amount of water. 

The north chamber wall of the lock during operation, takes on the nature of a 
concrete dam between upper and lower quoins. It is heavily built with the river side 
protected by a rock fill, the face of which will have a 1 to 1 stone pitching laid in 
cement. A concrete core wall from the upper entrance of the lock on the south side 
to the limit of flooded area is necessary to prevent leakage on this side. 

Fifteen hundred feet of cribwork at the lower entrance, and 2,000 feet at the 
upper entrance of the lock, form the approaches, and will approximate 25 feet in 
height. Three hundred feet of cribwork at the upper entrance to the canal on the 
north side will complete the hecessary structures at this point. 

Power to operate the lock and light the approaches, and the cana] above, will be 
derived from a hydraulic-electric plant situated below the lock on the south side; 
the water being supplied from the impounded basin under a head of 80 feet. 

The numerous borings which were taken throughout this locality fail to show 
rock except in the vicinity where the loc , Sluices, and the dam are proposed. The 
material elsewhere shows sand, gravel, and boulder drift, the sand and gravel in- 
creasing in fineness with the depth. It will be seen, from the diagrams of the borings 
on the main plans, that fine sand and gravel overlay the rock throughout this gec- 
tion. The material above is a compactly cemented boulder drift, the size of the 


width of 300 feet. The rapids themselves will be obliterated by the raised water and 
the channel through them will be entirely submerged; it being defined by a number of 
pier cribs on either side. 

The raised water will necessitate a new location for the main line of the Canadian 
Pacific railway from Deux Rivieres station, or a short distance east of it, to a point 
at or about Klock station, in all a distance of about 63 miles. It was considered safer 
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to estimate a relocation rather than to estimate for filling, bridging, and stone rip- 
rap necessary to maintain the present location between the above points. 

In the vicinity of Deux Rivieres the raised water will flood considerable area. 
The low marshes at the mouth of the Maganasibi river will be covered on the north 
side of the Ottawa. On the south, or the village side, a large area will also be Hooded, 
the contour of raised water running through the village of Deux Rivieres, crossing 
the Deux Rivieyes creek about 1 mile from its mouth, continuing parallel to the 
Canadian Pacific railway track for ? mile, when it turns and runs parallel to the 
Ottawa river, being deflected from going further east by the Bisset range of hills. 
Property damaged at Deux Rivieres will have a small value. 

This reach contains few bends, none of them being greater than on a curve of 1 
degree. 


RIVER SLOPE BELOW MATTAWA. 


From the head of the Des Joachims to the foot of Rocher Capitaine, and from the 
head of Rocher Capitaine to the foot of Deux Rivieres the river slopes are very flat, 
being practically indeterminate at the ordinary stage of the river level, and the rate 
of flow is very slow except where the rapids are formed by the submerged weirs of the 
kiver bed in the former reach. 

When these two pools are raised to elevations 410 and 470 respectively, the average 
area of water section of each will be increased by about 30 per cent, and the average 
rate of flow will be considerably smaller than at present. Slack water navigation will 
obtain throughout these reaches allowing a uniform grade in each. 

The fall of the river from Mattawa to the head of the Deux Rivieres rapids at 
high water is about 15 feet in 193 miles, the principal changes in elevation taking 
place between the 5th. and 12th. mile below Mattawa, or that part of the river where 
occur the Burritts’, Rocky Farm, and the Klock rapids. 

With a view to ascertaining what river slope, if any, might prevail in this reach, 
when the water surface is raised to elevation 500, calculations were made from 7 sec- 
tions, each at a controlling point in the river. It was found that, with the raised 
water standing at elevation 500 at the head gates of the Deux Riviéres lock, the 
water level would probably stand at 501.83 at the foot of the Mattawa lock, with the 
estimated discharge taken at 45,000 cubic feet per second, which will probably ap- 
proach the regulated run off at this level during an average year. 

With an increased rate of discharge to 60,000 cubic feet per second, which would 
probably occur in May or June following very high precipitation, this slope would 
only be slightly increased. 

The calculated velocity for this discharge would average less than 0.6 feet per 
second, except at one or two places where the side slopes confine the river within 
narrow limits, where the velocity would approach 2.1 feet per second. 

Slack water may be, therefore, said to prevail at all stages of the controlled dis- 
charge, and to suit which condition the lower sill of the Mattawa lock will stand 
at the same elevation as that of the upper sill of the Deux Rivieres lock. 

In order, however, to be prepared for a somewhat higher water level at the lower 
end of the Mattawa lock due to extraordinary floods from the upper Ottawa, which 
will be somewhat checked in their passage through the narrower channels above 
Klock, the lower entrance walls, and the lower approaches to this lock are given an 
additional height of 4 feet over that of the other similar locks. 


MATTAWA REACH. 


We are now at the town of Mattawa, where the Mattawa river flows into the 
Ottawa river, 319 miles above the Custom House at Montreal. The canal line here 
leaves the confines of the Ottawa river, passes into the valley of the Mattawa 
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river and continues in it through the summit lakes which are its source, penetrates 
tue divide separating them from Lake Nipissng, and passes on into that lake. 

T'wo miles above the town of Mattawa is the lower end of Plain Chant lake, a 
body of water 54 miles long, very deep, lying between two ranges of hills whose banks 
are very precipitous and which is of sufficient width at any part at the present time 
for all canal purposes. The normal level of this lake stands at elevation 517, or about 
20 feet above the level of the Ottawa river at the foot of Johnston’s rapids, below the 
town of Mattawa. . 

Much consideration was given in regard to the most economical line and profile 
to prevail between the Ottawa river and Lake Plain Chant, keeping in mind the 
highest elevation to which that lake could be raised, to give the widest channel at 
the narrows occurring at its upper end,.and without imp-sing too hich a lift on the 
lock connecting it with the lower pool, or too great a height of the controlling dams. 

Lake Plain Chant itself is well contained within very high surrounding hills, 
and its present surface could be raised to any elevation that might be projected. 
These hills recede from the river from the lower end of the lake to the town of Mat- 
tawa to such an extent that it would be impossible to carry a Plain Chant level as 
far down as Mattawa without entailing works of an abnormal character. To extend 
the Ottawa level by canal above to the foot of Lake Plain Chant would require exces- 
Sive and deep excavation for 23 miles through subaqueous boulder drift with a 40 
foot lift lock at the upper end, whose entire foundation would have to be enclosed 
within a coffer-dam. It would seem, therefore, that a single lock between these two 
levels would be impracticable. A lock at Mattawa and one at the foot of Lake Plain 
Chant with a regulated reach between was therefore the p'an adopted. 

The adopted line leaves the Ottawa river at the foot of Johnson’s rapid and 
passes along a natural depression behind the town of Mattawa into the Mattawa 
river, mile above its mouth. The lock situated just inshore from the Ottawa river 
will have a lift of 10 feet, the level immediately above standing at elevation 510 or 
about 10 feet above its present surface. Tt will be of concrete throughout, similar 
in operation to that of the Deux Rivieres lock and contained entire'y within the ecut- 
ting. The ground surface along the lock is partly above and very little below the 
elevation of the coping, allowing these works to be constructed without the use of an 
entirely surrounding dam. The foundation will most probably have to go some dis- 
tance to rock, as borings over the lock site showed firmly cemented material of gravel 
and boulders, but none of the bore holes were able to make grade, about 35. feet 
below surface. Where bore holes in this vicinity have penetrated to rock, it is gene- 
rally found that the material overlying the rock is very fine sand followed by a sandy 
clay and then by gravel and boulders, the boulders being larger as the surface is 
approached. ) 

For a short distance below and for about 2,400 feet above the leek, considerable 
cutting will be required. The total amount of excavation between the rivers in- 
eluding the lock pit will be about 1,257,240 cubic yards, the material all being boulder 
drift. 

The approaches to the lock are lined with the usual cribwork, there being 1,600 
feet below and 2,400 feet above, the latter widening to a canal of 300 feet bottom 
width. At 550 feet above the lock the canal will pass under the Kippewa branch of 
the Canadian Pacific railway. The present grade or alignment of the railway will 
not have to be disturbed; the crossing being effected by a single track, single span, 
Bascule bridge, 160 feet between abutments, 

The lock itself lies diagonally across what is known as the Pembroke and Mat- 
tawa road which will cross the canal by a single leaf Bascule bridge spanning the 
lock walls above the upper gates. 

To maintain the upper level in the Mattawa river above the lock at elevation 
510, a solid concrete dam will be thrown across the Mattawa river about 2,000 feet 
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from its mouth. It will be a little over 1,200 feet long and will average about eight 
feet in height throughout. This dam will be of the overflow type, the crest standing 
at elevation 510, affords the necessary regulation to the level above. 

Some excavation will be required to obtain grade in the river part of this reach. 

The amount is small, occurring at different places, and excepting a few rocky 
islands at the upper end, just below the next lock akove, the material excavated will 
be principally mud. In this reach there occurs only one bend which is a little over 
4 mile long with curvature of one degree. With the elevation of the reach standing 
at 510, the channel through it will be submerged, its bottom width of 300 feet being 
defined by piers of cribwork at sufficient intervals. 

Boom creek flows into the Mattawa river from the south about 1 mile above its 
mouth, but the discharge is inconsiderable. | 

Damage to property resulting from raised water will be confined to a few dwel- 
lings on the south shore between Poplar and Park Sts., Mattawa, and will be small. 
The right-of-way for the lock and canal will necessitate the purchase of considerable 
property within the town limits, all of which has been carefully estimated for by a 
Land Surveyor especially detailed for that purpose. 


PLAIN CHANT REACH. 


_ At the head of the Mattawa reach, 13 miles above the town, mileage 321, the side 
hills which surround the Plain Chant Lake above converge, confining the river within 
narrow limits at the Plain Chant Chute, the outlet of the lake above. 

A dam spanning the gorge at this locality, with a lock on the north side of the 
river, will complete the connection between the Ottawa river and lake Plain Chant 
of the Mattawa waters. 

The lock will be situated in the side hill of the north shore about 100 feet back 
from the river, the coping standing some 35 feet above the present ground surface. 
It will be of concrete throughout, with a lift of 30 feet, similar in operation and 
equipment to the Deux Rivieres lock and with cribwork lining the approaches above 
and below. 

The dam will span the river from the upper end wall of the lock to the south 
shore, maintaining the reach above at elevation 540, about 23 feet above its present 
surface. It will be of mass concrete and of the crest overflow type, its length on the 
erest being sufficient to regulate. the upper level. 

A concrete cut-off dam will join the north upper wall of the lock with the raised 
water contour on that side. The concrete in lock and dams will approximate 98,930 
cubie yards. 

The foundation of this lock will prove difficult of construction and will require 
to be enclosed within a coffer dam on 3 sides; it will rest upon rock as will also the 
cut-off dam on the north. 

It will prove difficult to find the required foundation to prevent leakage under the 
regulating dam in the river section, as the borings, as far as they could be made, 
failed to show other than the boulder drift below the mud of the river bed. 

The south shore is very steep at this point, the slope being about 50 degrees, 
while the north shore rises more slowly; on both slopes rock was found some distance 
back from the shores. : 

The whole surface of the locality is strewn with boulders of enormous size, in 
ecnsequence of which few borings could be completed; those that were obtained, how- 
ever, showed the same class of material as at Mattawa and at Deux Riviéres, which 
seems to be characteristic of all this district. 

At the north end of the river-dam adjoining the lock, a hydro-electric plant 
under 30 foot head will supply the power necessary to operate this lock and also the 
Mattawa lock 2 miles below, besides lighting both locks, their approaches and the 
short reach of the Mattawa river between. 
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Some excavation to obtain grade will be necessary between the approaches to the 
lock above and below, and, at about % mile above the lock, part of an island will have 
to be removed to obtain required width ; total excavation will be small. 

The reach above the Plain Chant lock is 6 miles long, very wide at its lower end 
and very narrow for about 2 miles at its upper end. It kes between very high hills 
having steep banks rising abruptly from the water edge, near the upper end approaching 
the nature of a canyon. 


LES EPINES REACH. 


At mileage 327, two sets of rapids occur, one immediately above the other, Les 
Eipines and La Rose having a combined fall of about 9 feet. Immediately above the 
latter rapid the Amable du Fond river, draining a watershed of 433 Square miles, 
empties into the Mattawa from the south. 

Above these rapids the river is tortuous and very narrow in many places and con- 
tains 4 sets of minor rapids, and at 44 miles above, at the Paresseux falls, the riven 
turns abruptly to the south at the end of a very narrow gorge between high and rocky 
walls, where it is known as Deep river. 

By creating the next step at Les Epines rapid and raising the pool above to 537 
or about 30 feet above its present surface at the mouth of the Amable du Fond river 
and 25 feet above its present surface at Deep river, the rapids above will be obliter- 
ated, overflow will not occur, slack water navigation will obtain and will permit 
throughout the reach of a sufficient canal width without abnormal excavation. 

This will be accomplished by a dam between the La Rose and Les Epines rapids, 
with a lock and approaches cut through the promontory to the north. Both dam and 
lock will be of solid concrete on rock and hard-pan foundation. The dam will be of 
the crest overflow type, having a sufficient length to maintain the pool above at 
elevation 557. The lock will be operated by floor culverts and similar in every re- 
spect to the single locks before described. It will set almost entirely within the 
ground surface, except at the lower end where the side hill falls away rapidly. 

Between the approaches very little excavation will be necessary, particularly 
between the lower approaches where the entrance cribs will be short on account of the 
great depth. This will require a line of cribwork on the north shore about 1 mile 
below to enable vessels going up to berth, providing the lock is in use at the time. 

Above the lock several projecting points on either side of the channel will have 
to be removed to obtain the required grade and width, their limits being defined by 
piers and cribwork, some carrying lights. Much of the excavated material at the 
lock site can be used in the construction of the lock, dam, crib filling and back fill, 
the excess being wasted nearby. The total excavation for this lock and reach will be 
673,555 cubic yards. 

The raised water contour above will do no damage; in the vicinity of Moore’s 
lake which lies between the river and the main line of the Canadian Pacific railway, 
considerable flooding will prevail, the drowned area having little or no value. 

This reach is remarkably straight, having but one change of direction, a 3 bend 
on a curvature of two degrees, which occurs at Bouillon lake where the river is very wide. 


PARESSEUX REACH. 


The problem that now presents itself, that of connecting the head of Les Epines 
reach with Talon lake above, 3 miles by direct line, proves the most difficult location 
throughout the district. The range of hills which confine the Mattawa river on the 
west above the Ottawa river turns abruptly to the east at the Paresseux falls, throw- 
ing a rock divide between Deep river below and Talon lake above. This point is as 
far as it is possible to canalize the Mattawa river above the Ottawa river, or below 
Talon lake. To follow the natural course of the river above the Paresseux falls to 
Talon lake is out of the question, considering a canal of the intended magnitude. 
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By the river two very abrupt turns of 90 degrees, each in opposite directions, 
occur within 14 miles above the Paresseux. One turn is confined within narrow 
limits by high granite walls and the other would require much excavation to obtain 
sufficient area at grade. The remainder of the river between the Paresseux and 
Talon lake is likewise restricted. 

Moreover, the lift between the proposed levels of the two pools, Deep river and 
Talon lake, is 120 feet, all of which would have to be overcome within limits too ex- 
treme to permit of the river route beirg considered. These natural difficulties require 
heroic measures to overcome them. | 


The problem is solved in its most economical sense by cutting a practically 
straight canal from the upper bend of Deep river at the foot of the Paresseux falls 
through the divide to Talon lake, placing therein the necessary locks to overcome the 
difference of level. 

Leaving the Deep river half a mile below the Paresseux falls, the canal enters 
the side slope of the hills, where a pair of locks in flight of 30 foot lift each will carry 
the canal up 60 feet, or from elevation 557 to elevation 617. Here a natural basin 
is taken advantage of to form a pool between the flight just mentioned and another 
flight of two locks 14 miles above, having asimilar lift of 60 feet. This will bring 
the canal to the adopted or raised level of Talon lake, or what will be known as the 
Summit Level at elevation 677. 


From the upper flight to the Talon lake, a canal cut through rock, ranging from 
15 to 50 feet in depth, 250 feet wide, and 14 miles long, will complete the connection 
between the Deep river of the Mattawa, and the Summit level. 


Both pair of the flight locks above mentioned will be of concrete throughout and 
rest within walls of solid rock, the floors of both being about 2 below the present 
ground surface. 

Both flights of locks will be operated by culverts through the side walls, and with 
double sets of gates in each chamber similar to those at the Rocher Capitaine flight, 
will effect the change of level.’ 

Between the lower crib approaches of the lower lock some excavation will be 
necessary, but there will be none above the upper lock of that flight for half a mile; 
the raised surface between the two flights giving sufficient width and depth. 

The upper end wall of the lower flight on the east side will extend about 100 
feet, turning to the east at that point and continuing about 80 feet, where it joins the 
side hill to withold the raised water in the basin on that side. On the west side a 
solid concrete dam will join the lock with the flooded contour. 


The material excavated here will be used for concrete in the locks, dams, back- 
ing for filling the cribwork, end walls, &e. The amount of excavation will be about 
279,271 cubic yards of all classes and the amount of concrete required will be about 
172,368 cubic yards. 

In the basin between the two locks, and for a length of § miles below the upper 
flight, heavy rock excavation will be required. This will amount to 429,000 cubic 
yards, and all the material will be wasted on the west side of the prism adjacent to the 
cutting. This cutting will average 250 feet bottom width by 35 feet deep. The 
basin will now have the required width for passing vesse!s; its submerged sides 
being defined by piers. 

Joining the end walls of the upper flight, short concrete dams run to the flooded 
contour on either side to prevent leakage from the summit above around the lock 
walls to the basin below. The amount of concrete in the upper flight will approximate 
that of the lower. 

The excavation of all classes (dam excavation excluded) in the upper lock pits, 
and the canal above into Talon lake will approximate 5,810,685 cubic yards. That 
part not being used for concrete in the upper flight of locks and dams, and for fil- 
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ling behind walls, will be wasted on the west side. The total amount of cribwork and 
approaches to these locks will approximate 7,000 lineal fect. The cribs will average 
35 feet in height. Those at the upper end of both locks will be on a rock fill foun- 
dation. 

The channels between the flights and above the upper flight are not entirely 
straight but conform as economically as possible to the existing conditions; the cur- 
vature will be easy, that above the upper flight being greatest, 4 of a mile long on a 
curve of 1 degree and 45 minutes. 

To the east of the upper flight a series of small lakes which drain the surrounding 
hills flow into what will be the basin about midway between’ the flights. This will 
serve to regulate that basin by means of sluice gates in a small dam which will block 
a gap in the flooded contour above the upper lock. 

Hydranlic-electrie power for operating the gates and valves of both flights and 
for lighting the whole system between Deep river and Talon lake will be developed 
at the lower flight below the upper walls on the river side. The supply under 60 ft. 
head will be drawn from the basin immediately above. 


EAU CLAIRE OR AMABLE DU FOND ROUTE. 


Joining Lake Plain Chant with Talon lake above, another route was closely in- 
vestigated. This route would leave Plain Chant about its middle, mileage 325, and 
pass through an outlet containing 3 small lakes situated in a narrow cleft of hills to 
the south of the main river, thence to Moore’s lake, Crooked chute lake at Eau 
Claire, and through Smith’s lake to its western end. From this point a canal 13 
miles long, crossing Johnson’s lake, joins Pimisi lake of. the Mattawa river about 24 
miles above the Paresseux chute. The line from here would continue through Pimisi 
. lake and follow the Mattawa river to Talon lake. | 
| This route shows larger quantities in the principal items than that of the ‘Back 
Line’, the adopted route described above, though less in others. It is 24 miles longer 
and would afford more open navigation over its length than is to be found on the 
adopted line between Les Epines and Talon lake. Notwithstanding this its profile area 
is greater, and it has one more lock than the adopted route. 

The locks along the Amable du Fond line would be more difficult of construction, 
and upon decidedly inferior foundation than the Mattawa 'river line, and some of the 
channels, notably where it passes through the gorge below Talon chute, could not be 
made suitable for vessels passing without entailing the excavation of enormous 
quantities of rock. The Amable du Fond line would also require a diversion of the 
Canadian Pacific railway main line from a point 34 miles east of Eau Claire station, 
to a point 34 miles west; the diversion would be 7 4 miles in length, and its location 
weuld pass to the south of the proposed Amable du Fond canal line. 

To make the Amable du Fond line available, the Mattawa river would have to be 
blocked by a dam at the Little Paresseux falls. It would require to be some 1,700 
feet long, over 100 feet high at its middle section, and of concrete throughout, for 
the reason that it would be necessary to conserve the summit discharge for the use 
of the locks below. The location of this dam is the narrowest found that could be 
contained within the hills confining the river above the Paresseux falls. 

A comparative estimate between these 2 lines, together with their profiles drawn 
to a suitable scale, will be found in the estimates. The difference in favor of the 
adopted route being $1,140,000. 


SUMMIT LEVEL. 
The canal line above the upper flight of the Paresseux locks enters the summit 


level which extends from mileage 334 to 357.5 embracing lake Talon, the little Mat- 
tawan river, Trout and Turtle lakes, their present surfaces being raised to elevation 
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677. Talon lake will be raised thereby 41 feet and Trout and Turtle lakes 15 feet 
above their present levels. This is the line and proposition as finally accepted after 
every other route and other elevations had been given full consideration. Elevation 
677 is the highest to which the summit can be raised without a multiplicity of dams 
at the west end to hold the water above the divide between lake Nipissing and the 
Summit lakes. 

There are 4 summit lakes, Trout, Turtle, Pine and Talon. Trout lake stands 22 
feet over the Nipissing level and empties into Turtle lake which is about one foot 
lower. Pine lake is 12 feet above Turtle and empties into it at its ower end. Turtle 
lake drains by the little Mattawan river into Talon lake 24 feet below, whose 
present level is controlled by a timber dam at the Talon chute. 

A description of the routes investigated will be better understood by reference 
to a small plan accompanying the estimate for the summit lakes. 

Four routes, joining Talon lake with Tjrout and Turtle lakes through as many 
channels as might be made to join them, were surveyed. The areas covered being 
confined within the limits of the 677 contour. 

One route crosses the lower end of Talon lake, passes into the Kai-bus-kong creek, 
the outlet of the lake Nasbonsing to the south, continues in it for 44 miles, then 
passes to the lower end of Turtle lake by way of 3 small lakes situated in a natural 
valley between the two. 

Another route leaves Talon lake about midway of its length at Spottswood bay, 
crosses a rocky divide into Pine lake and continues through it, thence by the valley 
which contains its present outlet into Turtle lake. 

The third route continues in Talon lake for three-quarters of its length, turns 
abruptly to the south at that point, passes into Pine lake through a short but very 
deep cutting, and on to Turtle lake on the line last described. 

The fourth route continues in Talon lake throughout at its upper end, passing 
into the Little Mattawan river, the natural outlet of the upper waters, and continues 
therein to Turtle lake. This route was shown to have the advantage with regard to 
the amount of material in excavation over any of the other routes. 

The second Pine lake route having the least excavation of any of the three other 
routes, would still be 125 per cent in excess of the Little Mattawan river route in 
making the connection between Talon and Turtle lakes. 

The first Pine lake route, and the Kai-bus-kong routes have the advantage in dis- 
tance by about 4 miles. The cutting, however, would be excessive and the channel 
confined within narrow limits for the greater part of its length. 

The adopted route will allow of lake navigation throughout the whole of Talon 
lake, and for over 2 miles of the lower part of the Little Mattawan river and for the 
above reason this line was adopted. 

The comparative profiles of the above, drawn to a suitable scale, and showing 
the centre line areas in excavation will be found in the estimates. 


The water will be raised in the summit lakes to the required elevation by a solid 
concrete dam thrown across the river about half a mile above Talon chute. This dam 
will be on rock foundation throughout with a length on crest of 1,100 feet and the 
flow over it will maintain the Summit at elevation 677. The average height through- 
out the dam will be about 30 feet, the section in the river being about 50 feet high 
for 60 feet in length; it can be constructed entirely within dry foundation. 

When the summit lakes are raised to the proposed level Talon lake will allow 8 
miles, and Trout lake 7 miles of free navigation. At the lower end of Trout lake, at 
many points in Turtle, and throughout the Little Mattawan river from the foot of 
Turtle to Whitefish lake, considerable excavation will be necessary to obtain the 
required width of 3800 feet in submerged cutting. 

Between the latter points rock was found along the side slopes of the confining 
hills, the borings in the river along the line showing the usual heavy boulder deposit 
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underlying the mud of the river bed. Some rock, however, is shown in this cutting 
at the upper end of Wolfe pond. 

Excavation in Turtle lake and at the lower end of Trout lake will all be in rock. 

At the upper end of Trout lake, mileage 335-5, the canal line leaves the lake and 
passes through the divide which separates it from Lake Nipissing, 34 miles south- 
west; the height of land passing within half a mile of Trout lake. The lock at this 
end of the Summit is located at the lower end of the rock outcrop which forms the 
divide, the canal joining it with Trout lake being almost entirely within rock cut- 
ting. 

This canal leading to the upper entrance to the lock will be 250 feet bottom width 
and its location takes advantage of several small lakes and the valleys connecting 
them which drain into Lake Nipissing by the Objibwaysippi creek. 

The cut through which the line will pass upon leaving the lake will be very deep 
at one point, running some 70 feet in depth for about one-eighth of a mile, It will 
average 40 feet in depth for five-eighths of a mile, and the remainder of the cutting 
to the lock on the Trout lake side will average about 14 feet. The total amount of rock 
between Trout lake and the lock is about 1,672,151 cubic yards. 

Raising the Summit to 677 will necessitate the closing of 10 gaps in this locality 
where the flood contour shows where this level would run out to Lake Nipissing. 
These gaps will be closed by earth dams with puddle cores; eight of them occur 
along the canal line, above the lock and two others to the south of Dugas bay where 
the flood level would pass to Riviére des Vases. The dams will vary from 150 to 650 
feet in length, but their height is inconsiderable, as they are only 7 to 17 feet high 
at their middle section above foundation. The material for the construction of these 
dams is to be found in the immediate vicinity, clay for the puddle cores being found 
below the lock. 

All excavation over the Summit, including lock-pits at each end, can be taken 
out dry for the following reasons: Talon lake is below elevation 651 the summit 
grade, which allows a dry excavation in the summit approach to the Paresseux locks. 
The present channel of the river between Turtle and Whitefish lakes, through which 
the canal line is designed to pass, can be sufficiently enlarged to drain Turtle and 
Trout lakes to below the summit grade, allowing dry excavation here and also at 
many points in Turtle and Trout lakes, and the canal approach to the North Bay 
lock from above. All this material will be wasted in the immediate vicinity where 
excavation occurs. 

No damage results from raising the summit water to elevation OW 


NORTH BAY LOCK. 


The lock controlling this end of the Summit, and known as the North Bay lock, 
will be almost entirely enclosed within the rock, the elevation of the coping averaging 
10 feet above it. It will have the usual cribwork approaches above and below, the 
material for building the lock and filling the cribs coming from the lock-pit excava- 
tion. It will be of concrete throughout, effecting a change of level of 29 feet, and 
similar in construction and equipment to the single locks before described. A single 
leaf bascule road bridge across the lower approach walls will afford the necessary 
highway communication on the Narth Bay-Bonfield road crossing at this point. 

From the foot of the North Bay lock a canal cut 300 feet wide, and a little over 
13 miles long, will bring the canal line into 22 feet of water in Lake Nipissing. It 
will average 22 feet in depth of cutting from the lock to Rocky Point on the shore 
where it enters the lake. The bottom of the lake slopes gradually until grade is 
reached about § of a mile out. This cutting will contain approximately 1,740,874 
cubic yards, and will be almost entirely of soft material, clay, and sand mixed with 
clay prevailing. Some rock occurs between the lock and the shore, and on one side 
of the cut at Rocky Point the percentage of rock to soft material will be about one 
to ten. 
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Spanning the canal about 2,000 feet below the lock will be a double track double 
leaf bascule bridge of 170 foot span, carrying the main line tracks of the Canadian 
Pacific railway—flanking cribs in the cut protecting the abutments on both sides. 

The lower approach to the lock will have 1,600 feet of cribwork on the south side 
and, flanking the cut on either side, where it extends into the lake, will be lines of 
cribwork 3,400 feet long. These will average 30 feet in height with heavy filling 
deposited behind them, and are required not only to define the entrance to the canal 
from the lake, but also to prevent the shifting sand on the floor of the lake from enter- 
ing the approach. 

A line of cribwork 2,000 feet in length will extend along the north side of the 
cut about midway of its length, it being presumed that a railway terminal will pre- 
vail at this locality, as it is naturally suited for that purpose. 

A large amount of the material in this cut could be taken out by dredges and 
wasted in the lake or deposited through pipes from suction dredges to make up land 
behind the line of cribwork on the north side of the cut for terminal purposes. Tt 
could also be used’ to form a guide bank on either side of the cut where it is unlined 
by cribwork, as the raised water of Lake Nipissing will flood all this land as far 
back as the embankment of the Canadian Pacific railway. 

Two other routes were investigated for a canal line between Nipissing and Trout 
lakes; one by way of the Chippewa creek and the other by way of the Objibwaysippi 
creek. A description of these routes will be unnecessary, as they are inferior to the 
adopted line both in location and cost. 

To pass out of Lake Nipissing at East Bay and cross the divide via Lake Nas- 
bonsing is out of the question, the waters of the latter lake standing 137 feet over 
those of Nipissing. 

The necessary power for operating the North Bay lock, the highway bridge over 
its lower walls, the double track bascule railway bridge across the canal below the lock, 
and for lighting the canal from the entrance piers in Lake Nipissing to its upper end 
at Trout lake will be obtained from a gas-producer electric plant situated at the lower 
end of the lock on the south side. Sufficient water to drive a hydraulic-electric Don 
plant is thereby conserved for canal purposes of the Summit level. 


LAKE NIPISSING LEVEL AND ADOPTED SUMMIT COMPARED. 


An alternative to the adopted grade across the Summit, that of carrying the 
Lake Nipissing level through to the foot of Talon lake, may be referred to here and 
a comparison made as to the relative values of each. 

An estimate for a canal line 250 feet bottom width down to the Lake Nipissing 
grade, elevation 626-0 and extending through the summit from the foot of the North 
Bay lock to what would then be the first lock in the descent of the Mattawa waters— 
the lower lock of the Upper Paresseux flight—and pursuing the same location as that 
of the route adopted therein, was carefully taken out and placed in comparison with 
an extraction from the summit estimates contained within the same points. 

These comparative estimates, will be found with the main estimates, where it 
may be seen that the difference in cost proves to be $8,751,600 in favour of the adopted 
grade at elevation 651.0, all structures necessary to the latter being included. A com- 
parative profile showing the two grades through the Summit follows: 
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For the purpose of comparison on a basis of similar prices, and in order to make 
a comparative estimate between the two grades more telling, all excavation in both 
cases between the above-named points was estimated to be taken out dry. 

Accepting the solution of the summit problem as adopted, there is no question 
as to the possibility of all excavation to grade, elevation 651.0, being taken out dry ; 
the natural barrier which holds back Trout and Turtle lakes, and the Little Mattawan 
river, can be sufficiently blown out to permit of this being dofie, and Talon Lake itself 
can be easily lowered to allow of all excavation in the approach to the upper flight of 
the Paresseux locks to be similarly made. 

To, however, remove the above barriers so low as to permit of carrying the Lake 
Nipissing grade—25 feet below the adopted grade—through by dry excavation would 
require the lowering of Trout and Turtle lakes from their present surface elevation, 
666.0, to elevation 635.0, or upwards of 40 feet, to accomplish which would be ex- 
tremely problematical and would certainly incur, at many ,localities, high prices for 
submarine excavation in rock, and items for unwatering that would not obtain with 
the higher grade at elevation, 651.0. 

Moreover, the lower grade would increase the amount of material in excavation to 
a marked degree, as will be seen by a review of the comparative estimates above men- 
tioned. 

The main advantages offered by a Lake Nipissing summit level are: No conser- 
vation of water necessary, and one level from the outfall at the Chaudiere on the 
French river to the foot of Talon lake, 68 miles, thereby allowing continuous naviga- 
tion throughout, or no locking into and out of a higher summit. 

The construction disadvantage to obtain this consists entirely in an almost con- 
tinual cut from about 4 miles out from the Lake Nipissing shore, through to where 
would be the first lock in the descent of the Mattawa waters, except in the main 
bodies of Trout and Talon lakes. 

One and a quarter miles at the Nipissing end of this cutting would be through 
soft material, the remainder being solid rock; the length of the different cuttings 
will aggregate 114 miles. These cut channels vary in length from } to 34 miles, and 
are either contained between high walls of solid rock or in submerged rock cuttings, 
all being on curves not exceeding 2 degrees. 

The navigation disadvantage of such perilously confined channels is obvious and 
would most probably cause a greater loss of time in transit between the Lake Nipis- 
sing and what would be the first lock of the Mattawa waters, than by a Summit as 
adopted to the higher grade of elevation 651-0, even with the additional time required 
for lockage at each end. 

The cut channels which obtain with the adopted grade aggregate 7 miles in length, 
53 miles of which are in rock; of the latter 14 miles are wholly contained within the 
cutting and 44 miles in submerged cutting. 

Moreover, with the adopted grade the open stretches of the summit are singularly 
wide and deep and will allow of full speed over almost its entire length. 

With the Nipissing summit the time in transit between the east end of that lake 
and what would be the first lock of the Mattawa descent would be 43 hours, on a 
basis of 5 and 6 miles per hour through the confined stretches, and 10 miles per hour 
in the open; with the adopted grade and the same basis and allowing 45 minutes at 
each lock, the time between the same points would be about four hours. 

All of the above argues in favour of the Summit as adopted. 


LAKE NIPISSING REACH. 


Lake Nipissing and the upper end of the French river form the reach below the 
North Bay lock; it extends from Rocky Point about 14 miles below the town of North 
Bay, mileage, 359 above Montreal, to the first lock on the French river at the Chau- 
diere falls, mileage, 389. This reach affords free navigation throughout its entire 
length of 30 miles unobstructed by artificial channels. 
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The canal line passes to the south ofthe Manitou islands which lie in the middle 
of Lake Nipissing, some 6 miles from shore, and thence to the entrance of the French 
river at Frank’s bay, some eighteen miles from the canal entrance at Rocky Point. 

From Franks’ bay the river is followed for 12 miles to where the largest of the 
natural outlets of the present Nipissing level occurs at the foot of the upper end of 
Chaudiere island. This island which is 7 miles long by 3 miles wide divides the 
river at this point into two outlets; to the north of the island 3 small outlets drain 
the Nipissing level to the basin below and, at the Chaudiere-falls at the south of the 
island, the main outlet of the Lake Nipissing waters passes to the same basin, at the 
present time some 25 feet below. 

Dams thrown across these outlets are designed to raise the Lake Nipissing level 
to elevation 648, or about 4 feet above its present high stage. This lake has a fluctu- 
ation of about 6-7 feet between low and high water and raising the level 4 feet above 
the latter will cause damage by flooding at different towns situated on the lake shore 
and to farm lands at the western end of the lake. 

The town of North Bay will not be materially affected. The flood contour there 
follows the shore along the water front and spreads over the low land at the mouth 
of Chippewa creek which it crosses below the Canadian Pacific railway bridge. From 
the Chippewa creek to East bay a considerable area will be under water and about 
two miles of the Canadian Pacific railway track in the vicinity of the Objibwaysippi 
creek will require to be raised about 4 feet. Cache Bay is north of the Canadian 
Pacific railway tracks and will not be affected. Some swampy ground on both sides 
of the town will be flooded, but the flocd contour stops at the tracks at both places. 
The lumber mills on the shore are high and will not be affected. No damage of any 
material value will occur at Sturgeon Falls or at Beaucage. Some property at Cal- 
lender and the railroad yards of the lumber companies there will be drowned out. 
No damage will take place at Wisawasa or at Nipissing village. The raised water 
would flood some farms in the vicinity of the Veuve river, but they would be of small 
velue. In all probability new wharfs would have to be built at all of the above men- 
tioned towns. 

Solid concrete dams would span the three rocky gorges which are the outlets of 
Lake Nipissing to the north of the Chaudiere island, their crests standing at eleva- 
tion 650. 

Just above the Chaudiere falls, the main outlet of the lake, a set of 3 ‘Stoney ’ 
sluice gates, closing openings of 40 feet in width by 20 feet in depth over the sills 
between concrete piers and abutments, will afford the regulation of this level and wil} 
maintain the surface of this reach at elevation 648. The foundation of all the dams 
blocking the overflow of the Nipissing level will be in solid rock throughout their 
lengths. 

CHAUDIERE LOCK. 


The Chaudiere falls lock will lie along what is now the Chaudiere portage which 
connects two bays of the river at that point, about 1,400 feet south of the series of rapids 
in the main river called the Chaudiere falls. It will be in solid granite rock through- 
out, the walls of the chamber being enclosed for about 3 of their depth below the pre- 
sent surface. It will be constructed entirely of concrete, except the gate quoin 
masonry, and will be operated by culverts under the floor controlled by Butterfly or 
‘Coffin’ roller bearing valves at either end. Double stes of steel mitre gates at the upper 
and lower sills will effect the change of level, in all making the lock of the same type 
as the single locks at the Deux Rivieres, Mattawa, Champlain, Les Epines and North 
Bay. 

Very heavy excavation in solid rock will obtain for 3 mile above the lock and at 
three points within 14 miles below where the sides of points and islands will require to 
be removed to obtain the channel width of 250 feet, the latter including a canal cut 
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through Keeso’s Point some 850 feet in length and averaging about 26 fect depth of 
cutting. 

The excavated material to obtain the required lock and channels from the Nipis- 
sing level to that below will be wasted in the immediate vicinity of the individual 
cuttings, except a part of that portion adjacent to the lock and approaches, which will 
be used for concrete in the lock and main regulating sluices, filling of cribs and back 
filling betwen the lock walls and approaches. The total amount of excavation in lock- 
pit and approaches will approximate 1,889,165 cubic yards. 

Upwards of 4,000 feet of cribwork will be required to line the approaches to this 
lock, the average length of which will be about 18 feet and the foundation will rest 
upon level floors of rock prepared for that purpose. 

The approach to the upper entrance to this lock must necessarily be upon a curve, 
in order to conform as nearly as possible to the natural advantages offered by the 
main river at this point. 

The immediate approach to the lock will be straight for some 1,000 feet above; 
east of that the centre line of channel makes a quarter bend on about a 2 degree 
curve, the bottom width being from 350 to 600 fect. The approach to the lock below 
and the cut channels leading thereto are, to all purposes, straight. 

The centre line of channel of the N ipissing reach from Rocky Point to the 
Chaudiere presents few changes in direction, the least of which occurs at 14 miles 
above the Chaudiere lock, where a quarter bend on a 2 degree curve in a channel 
over 1,200 feet in width leads to the lock approaches. 

‘Hydro-electric power developed at the lock site will operate the gates and valves 
of the lock and light the line from one mile above the lock to 14 miles below. 

The reach below the Chaudiere lock is 133 miles long, extending to the Little 
Parisian rapids, mileage 408. The upper nine miles of this reach is entirely free from 
obstruction and offers a very wide and deep channel even at its present leve] ,with 
but one exception at Jeune Marie island, mileage 395 where a cut 250 feet wide and 
600 feet long would have to be excavated. The depth of this cutting would average 
25 feet and the material would be wasted nearby. 

Seven miles of this channel is along the foot of the Chaudiere island, and then 
for 2 miles the river spreads out over a very large area and is again divided into two 
parts by what is known as Eighteen Mile island. The channel to the north of Eighteen 
Mile island would be excellent for canal purposes, were it not that at its lower end it 
runs into very many narrow channels and lakes, through which the canal line would 
have to be too tortuous to be considered. Tt would, moreover, necessitate the follow- 
ing of the French river below Dry Pine lake, which is not as well suited for a canal 
project of this magnitude as the route followed. 


FIVE MILE RAPIDS REACH. 


The channel to the south of Eighteen Mile island, along which the canal is de- 
signed to pass, has a series of rapids at its upper end extending for 43 miles and 
known as the Five Mile rapids. 

The first of these rapids are the Little and the Big Pine, having falls of 3.8 feet 
and 5 feet respectively. They are both about 4 mile in length and are separated by a 
pool half a mile long. 

About 1 mile below the Big Pine are the Double rapids with a fall of 3.3 feet and 
? of a mile below is the Big Parisian with a fall of 5 fect in 4 mile. Below the Big 
Parisian, mileage 401, the river is level for 2 miles to where the Little Parisian rapid 
with a fall of 2-5 feet completes the Five Mile rapids reach. 

The Restoul river enters this reach from the south, 24 miles below the Chaudiere 
lock. Its flow is inconsiderable and was not measured, as it will cause no distur- 
bance at this point. 
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By putting a lock and dam at the foot of the Five Mile rapids and blocking the 
channel to the north of Eighteen Mile island, the reach will be raised to elevation 624, 
about 28 feet above its present level at the foot, and about 11 feet at the head of 
the rapids. This would drown out the rapids and serve to minimize excavation 
through this locality which is extremely rough. The river, from the Little Pine rapids 
to 5 miles below, is broken into very many small channels and follows a very tortuous 
course due to the broken formation through which the river passes for the above dis- 
tance. Numerous rocky islands occur and many points on the main shore project out 
one past the other, forcing the river to its changing course. 

To obtain a channel width upon an alignment commensurate with the under- 
taking many cuttings will be required where the rapids are now. These will be 
small, except at one point, between mileage 400 and mileage 401, where the cuttings 
through Owl Point at the Double rapids and through Point Edward about one-half 
mile above will be considerable. The depth of the cut through Owl Point will aver- 
age 38 feet and that through Point Edward about 25 feet. The excavation in both 
will amount to about 75,170 cubic yards and the total excavation from the Little 
Pine rapids to the Five Mile lock at the Little Parisian rapids will amount to about 
1,183,500 cubic yards. All material will be wasted in the vicinity adjacent to the 
excavation. 

Tt is certain that the greater part of the excavation to obtain the channel in the 
rapids above the lock can be taken out in the dry. A tight dam can be thrown across 
the Little Pine rapid at its head and the channel around Commanda island can be 
blocked below the outflow of Commanda creek. This would force the waters of the 
French, the Restoul, the Woolsey and the Commanda to pass to the level below by 
tke channel to the north of Eighteen mile island, thus allowing the river below the 
Little Pine rapids to be drained to the level below the Little Parisian. 

The sides of the cuttings will be defined by piers of cribwork at short distances, 
many of them bearing lights. Many bends occur on the centre line of channel in 
this reach, the sharpest being a quarter bend in about five-eighth miles or on a curve 
of 2 degrees. Nearly all are in that part where the rapids are now located. 


FIVE MILE RAPIDS LOCK. 


Situated in a projecting point at mileage 403, around which the river runs in 
the Little Parisian rapids, is the site of the Five Mile rapid lock. It will be of con- 
crete throughout and will rest about half within the rock cutting and will be on rock 
foundation throughout. It is designed similar in type and operation to single locks 
before described, and will effect a change of level of 24 feet. 

Lines of cribwork on either side form the approaches above and below. Those 
above will rest for some 400 feet upon a rock fill, the present bottom there being 
about 30 feet below the proposed canal grade. 

To the north of the lock, and spanning a gorge, through which runs the upper 
part of the Little Parisian rapids, will be a rock fill dam, the upper face of which 
will be staunched by an earth fill on a3 to1 slope,a woven timber mattress lying be- 
tween the rock and the earth. This dam will be about 550 feet long and fifty high for 
about 100 feet of its middle length and will contain about 30,837 cubic yards, the pro- 
portion of rock to earth being about 1 to 4. 

Excavation in lock pit and approaches will all be used in material for concrete, 
crib filling, and foundation for the cribwork above the lock. Part of the material 
for the dam will require to be borrowed, which can be done on the north side, where 
the hills rise to a considerable height above the elevation 628, the crest elevation of 
the dam. 

By enlarging a gulley to the south of the lock and placing therein 3 stop-log 
sluices, regulation of the reach above is partly obtained. This sluice way will be built 
of concrete, the openings between piers and abutments of 20 feet width and 15 feet 
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depth being closed by stop-logs operated from a bridge running over all. A similar 
set of sluices will be embraced in the dam which blocks the channel to the north of 
Eighteen Mile island and which will complete the regulation of this reach. This 
latter dam will be about 6 miles below the Little Pine rapids at a point where the 
river is confined within very narrow limits. 

Power for operating the lock and lighting the approaches for some distance 
above and below will be obtained from a hydro-electric plant located at the foot of 
the rock-filled dam. 

The reach below the Five Mile lock will stand at elevation 600, and is the longest in 
the Nipissing district, being 37 miles long, from mileage 403 to mileage 441. The 
river through which it passes affords for the most part comparatively wide chan- 
nels of great depth between high walls of granite rock. 

The main channel of the French river is followed’ for a distance of 11 miles be- 
low the Five Mile lock, at which point a natural waterway is taken advantage of and 
so improved as to permit of the canal line entering the Pickerel river at the Horse- 
shoe falls, 34 miles to the south, and which it follows to its confluence with the 
French river at Ox lake 16 miles below. After passing through Ox lake the line fol- 
lows the Middle outlet of the French river into the Georgian bay. 

Heretofore, projected surveys have carried the route throughout the south branch 
of the French river to the foot of Dry Pine lake which is the end of the Eighteen 
Mile island. Below this point the French river flows in a single channel to Ox lake 
12°3 miles below, which is merely a widening at the confluence of the three rivers, 
the Pickerel, the French and the Whanapitae; the latter river draining the country 
to the north as far as the Sudbury district. 

The French river from Dry Pine lake to Ox lake was fully surveyed and its 
value as a canal route carefully compared with that of the Pickerel river which 
parallels it some two miles to the south. The result was that the latter was chosen 
as the more feasible, that is to say, the less expensive and more adaptable as to align- 
ment than the main body of the French river. 

In the French river, 24 miles below the point where the present location turns 
to connect with the water of the Pickerel river, is the Lost Child bend. Here the 
river sweeps to the south and again to the west through two turns of more than one- 
quarter bend each, and in Jess than one mile of distance. Below these bends the river 
passes to Dry Pine lake through a very narrow channel between precipitous sides, 
the width being little better than 200 feet. Dry Pine lake at this point is barely 1,500 
feet across and, although very deep, the outlet of it into the continuance of the 
French river beyond would necessitate two full quarter bends being followed in that 
distance. The entrance to the river below is barely 200 feet in width and passes be- 
tween granite cliffs. Throughout the remainder of the river, until it widens into 
Ox lake, the channel is naturally much restricted at many points, where to 
secure the necessary width and alignment heavy excavation would occur. 

The Pickerel to the south affords for the most part comparatively free navigation, 
that is to say, upwards of 300 feet channel width from the Horseshoe falls to Ox- 
lake, and with a comparatively small amount of excavation. The alignment, more- 
over, is far superior to that which obtains in the main channel of the French, and 
although some 24 miles longer was adopted for the above reasons. 

At 1 mile and at 14 miles below the Five Mile rapid lock some excavation will 
occur to obtain the necessary width of 250 feet and 300 feet, but from this latter 
point to where the canal line turns to the south, 93 miles below, the river is wide 
and deep affording at its present stage no obstruction to the required seale of navi- 
gation. 

In carrying the canal from the French to the Pickerel river a natural waterway is 
largely taken advantage of, as before mentioned. This waterway consists of 2 lakes, 
each about 1 mile long and sufficiently wide along their grade contours to suit the 
condition. 
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Heavy excavation will be required to enter the upper lake from the French river, 
to join it with the lower lake, and to pass from the lower lake into Pickerel river at 
the Horseshoe falls. 

The first cutting at mileage 414, will be about 1,400 feet long and 300 feet wide, 
with an average depth of probably 10 feet. One mile below, parts of 3 points of rock 
within a distance of 3,000 feet will have to be removed to obtain the required channel 
between the two lakes, the average depth of cut being about 12 feet. Joining the 
lower lake with the Pickerel river, a canal cut of about 2 miles will complete the 
connection between the French and Pickerel rivers. The total amount of excavation 
in these cutting will be about 940,790 cubic yards; the material, granite rock, will 
be wasted nearby where taken: out. 

Through the Horseshoe cut will exist the most confined section probably along the 
whole canal location. There the canal line is required to pass through a nearly one 
quarter bend in 4 mile, or on a curve of approximately 5 degrees deflection. This 
bend will take place within a basin having a bottom width of 400 feet, the approach 
to which, from above and below, will be straight canal cuts of 200 feet width, neither 
of which will be longer than 1,000 feet. 

At the time of the projection of this location it was a question whether boats of 
the larger lake type could be navigated with confidence through a rock cut channel 
having the above restrictions. To obtain experienced opinions large size drawings 
in plan and sections, were prepared of the proposed cut as now adopted, and also a 
cut of 250 feet width on a continuous curve of 2 degrees and 30 minutes, passing the 
same locality. Both were submitted to Captain Norcross, the then ranking captain 
of the Wolvin line of ‘steamers of the upper lakes. His opinion was in favour of 
the basin with straight approaches, and he had no hesitation in stating that the 
largest freight carriers would experience no difficulty in passing through this cutting. 
He recommended, however, that in the event of completion,—-vessels should not be 
allowed to cross one another within this cutting, and, as very deep and wide water 
prevails above and below, this could be arranged without difficulty. 

Moreover, three separate estimates were made to pass the channel through this 
point, that is to say, over the Horseshoe—one on a two degree 30 minute curve 250 feet 
wide, another the same curve but 200 feet wide, the third as adopted, that is, with 
the basin and two straight approaches. The latter was shown to possess the advant- 
age of having the least amount of excavation. ; 

The main French river below the Five Mile lock could be lowered probably from 
3 to 5 feet by enlarging the section of the Recollet rapids, about two and one-half 
miles below the Canadian Pacific railway crossing of the French river, and also 
enlarging the Little outlet at the southwest of Cantin’s island, where a small chan- 
nel from the French river flows into the Pickerel ; this would allow much of the 
excavation immediately below the lock to be taken out dry. 

Three small dams, placed across the openings from the French river proper into 
the upper lakes and the waters leading to the Pickerel river, and with some excava- 
tion in the stream at the Horseshoe falls, which at present has a fall of about eight 
feet, would allow most of the excavation necessary to obtain the crossing between 
the two rivers to be taken out dry. All channel excavation from the ‘ Five-Mile’ lock 
to Ox lake will be spoiled adjacent to the cutting. 


PICKEREL REACH. 


For four miles below the Horseshoe falls the river affords free navigation; in the 
next mile, however, the river is narrower, between low, rocky shores known as the 
Cross Narrows. Excavation along the sides will be necessary here to obtain the 
required width of 250 feet. The sides of these cuttings being submerged, they will 
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be defined by piers of cribwork carrying lights. At the upper end of the Narrows— 
mileage 421—the river is crossed by the Toronto-Sudbury branch of the Canadian 
Pacific railway on a single track, through truss steel bridge of 249 foot span. This 
would have to be replaced by a double-leaf balcule bridge, the cost of which has been 
included in the estimates. 

The river again affords free navigation for 4 miles below the Cross Narrows ex- 
cept at the ‘ Flower Pots, where some points on the north require to be trimmed to 
obtain a width of 300 feet. All excavation in the Cross Narrows, and at the ‘ Flower 
Pots’ can be wasted in the main river which is very deep at those points. 

Between mileage 426 and mileage 428 some large islands divide the river into 3 
different channels, none of which are large enough for canal purposes. The upper 
end of one of these islands will be cut through to a width of 250 feet and, at 14 miles 
below, two points and the Twin islands will have to be removed to 22 feet depth. The 
sides of the cutting through the island above, and of the Twins below, will be sub- 
merged and are arranged to be defined in the manner before described. a 

The centre line of channel here shows two quarter bends in opposite directions 
within about 24 miles, the greatest curvature being 8 degrees. -The material in 
these cuttings will be wasted adjacent to them. 

From the Twins to 10 miles below, no excavation will be necessary, the river 
affording open navigation throughout in its present condition. At mileage 430 the 
river is crossed by the main line of the Canadian Northern railway, on a single 
track, deck truss, steel bridge, of 292 foot span. This will have to be replaced by a 
double leaf bascule bridge, the cost of which has also been included in the estimates. 

A survey was carried down the Canoe channel from the foot of Ox lake with a 
view to locating the canal line within its shores. It proved, however, to be very 
shallow at its lower end, and not as well suited for that purpose as the line following 
down the main river to the Middle outlet. 

In the last two miles of this reach, where the line turns into the Middle outlet, 
considerable excavation will be necessary and different points projecting into the 
river will have to be removed to obtain the required alignment. At half a mile above 
the lock-site, where are now situated the Dalles rapids, a channel cut of 300 feet 
wide, and on a slight curve through Tramway Point and Dalles Point, will require to 
be made. The total excavation in these last two miles will amount to about 220,652 
cubic yards. The material excavated from the above-named points will be used in the 
construction of the lock and other structures below. The submerged sides of the 
cuttings will be defined in the usual manner by piers. 


DALLES LOCK. 


At mileage 440, in the main river about 100 feet out from shore, will be located 
the Dalles lock. This is the final link vf the canal chain joining the St. Lawrence 
river to the waters of Lake Huron. 

From the head walls of the Dalles lock solid concrete dams, at right angles to 
the centre line, continue to the high shores on both sides, and will maintain the level 
above at this point. Long lines of crib approaches above and below, all in the main 
river, give ready access to the lock chamber. 

The location of this lock is forced by the nature of the country confining the 
river in this locality. To have placed the lock in the first barrier above the Huron 
level, the Dalles rapids, might have proved less expensive than the location chosen, 
but was not adopted, mainly for the reason that the entrances to the lock above and 
below would then be upon a 2 degree curve of narrow width; moreover, it would entail 
considerable submarine excavation for half a mile below the Dalles Point which, with 
the adopted location, will be below grade. 

The Dalles lock and the dams spanning the river at its head will,rest entirely 
upon the rocky floor of the river, which here is some 5 to 9 feet below the lower grade, 
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standing at elevation 556. The lock itself will be unlike the single types designed 
for the District, as it will be operated by culverts in the side walls controlled by cup 
valves, and moreover the upper sills will be carried by concrete walls spanning the 
lock chamber between and below the upper quoins. 

Double sets of steel gates above and below will afford a change of level up to 22 
feet, depending upon the stage of the Huron level. 

When the Lake Huron level stands at elevation 578, or about one foot lower than 
the lake has been within the records of the last 45 years, there will be 22 feet depth 
on the lower sills of the Dalles lock. 

The lock walls will be of solid concrete throughout, except the gate and abutment 
quoins which will be cut granite masonry. Filling between the south lock wall and 
the shore has been estimated for, as access must be had to the lock on that side. 

The Dalles lock will be electrically operated, and the approaches to it for 2 miles 
above and below will be lighted by hydro-electric power developed at the lock. 7 

The reach above the Dalles lock is raised to elevation 600, or about 6 feet above 
its present surface above the Horseshoe,-and 14 feet above its present surtace below 
the Horseshoe. This will be accomplished by 4 dams which will block the outlets of 
this level which receives the waters of the Pickerel, the French, and the Whanipitae 
rivers, into Georgian Bay. One of these dams will be thrown across the head of the 
Eastern outlet close to where it leaves the Pickerel river. Another will block the Bass 
channel half a mile below where the proposed canal line turns into the Middle Out- 
let. The third wil block the Middle outlet on either side of the Dalles lock, and the 
fourth will be situated in the western outlet, or Bad river, about 64 miles below the 
Whanipitae lake. These dams are to be all solid concrete, of the crest overflow 
type, their combined crest length being sufficient for the regulation of this level. 


Below the lock the canal continues in the Middle outlet for 2 miles, where the 
shores of the Georgian Bay are reached. Along this last 2 miles at scattered points, 
considerable excavation will be required to obtain a channel width of 300 fect. The 
depth of cutting will be from 1 to 5 feet, and the excavated material will be wasted 
along side of the cut. A line of cribwork 1,200 feet long on the south side of the cut 
will mark the entrance to the canal from the lake. 

The Georgian bay coast is probably the most dangerous of any on the great lakes, 
and the entrance of the middle outlet of the French river, while not particularly 
difficult of navigation, is dangerous, being comparatively narrow, and confined 
between submerged ledges of rock and small islands. : 

At the mouth of the French river, 4 miles out from the shore are the Bustard 
rocks, and safe water in the lake is not reached until 4 miles out beyond these. 

It is presumed that, in the event of construction, the most modern definition of 
_ this roadway from the lake to the canal will be undertaken by the Deparmtent of 
Marine, within whose province it falls; no detail estimates, therefore, are provided in 
this general estimate. 


LIGHTS. 


The cribs lining the sides of the canal defining the limits of submerged cuttings, 
and along places where excavation will be made to obtain channel width, are estimated 
to be not less than 15 ft. x 15 ft x 20 ft. deep, nor more than 25 ft. x 25 ft. x 30 ft. 
deep, the size of the crib depending upon its location. 

Many of these piers will carry lights which will be supported upon them by an 
iron stand. They are known as the ‘ Wigam’ light, burning kerosene, and are 
designed for 30 days continuous service, 

At many places where straight channels of sufficient length exist, range lights of 
the same kind afford the required definition; in these cases, however, the lights will 
be enclosed within lanterns mounted on small lighthouses, the light itself being 
enclosed by a Hollowfoot lens. 
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In addition to the ranges, the principal points will be defined by standard light- 
houses of the fourth order, each of which would require daily attendance. 

The foundation of all the ranges and lighthouses will be of concrete, and their 
individual cost will depend principally upon the heights of the lanterns above the 
foundation. 

The line across Lake Nipissing would be shown by lighthouses on either shore 
and at the Manitou islands. These will also be of the fourth order with the extra 
cost of the keeper’s residence near by. 

A daily light patrol and a monthly supply service will require to be maintained 
throughout the season of navigation; the cost of this will be borne under operation, 
and is estimated elsewhere. . 


SUMMIT LEVEL. 


Previous surveys have seriously questioned the possibility of maintaining a Sum- 
mit level that would not embrace Lake N ipissing, owing to a belief in the scarcity 
of the water supply of those lakes which naturally form the summit, and which are 
taken advantage of in that regard in the present project. 

Two reasons present themselves at the present time which undoubtedly caused 
those opinions: the first being an inability to grasp the topographic value of the 
basin lying west of the Talon chute, and its possibilities as a storage reservoir when 
the water level within is raised to its limit; the second, a lack of proper data relating 
to that watershed, together with a careful study of the conditions as they will exist 
when the work is completed. 

In view of this, it is proper here to discuss the summit generally, that is to say, in 
all its phases, with the carefully collected hydraulic data in hand, and to set down 
the conclusions derived therefrom. 


The value of a canai system depends upon the relation between its water supply 
and its necessary drainage through operation and other sources. The present case 
allows of three conditions, each of which will be considered with reference to that 
relation. The complete estimates covering each condition have been prepared in 
detail, and will be found elsewhere. 

The water supply of each of the three conditions hereinafter detaiied belongs to 
the report of the hydraulic engineer, and will be found there in detail. It will be 
sufficient here to compare the amounts of available supply as shown in his report, 
with the drainage requirements which will be taken as they apply to the summit as 
adopted. 

The three conditions are as follows :— 

First, by carrying the Lake Nipissing level through to the Paresseux locks, mak- 
ing a raised summit of Lake Nipissing the summit level. 

Second, by raising all the lakes between Lake Nipissing and the Paresseux locks 
to a common level, thus making a summit above that of Lake Nipissing. 

Third, by augmenting the supply of the watershed of the second or adopted condi- 
tion from outside sources. 

The first establishes the summit level at elevation 648-0, over a distance of 564 
miles, from the Chaudiere falls at the outlet of Lake Nipissing to the Paresseux 
locks at the foot of Talon lake, and whose supply is derived from the watersheds of 
Lakes Nipissing, Trout, Turtle, Talon and Nasbonsing, the combined area being 
4,420 square miles. These water sheds would together yield a minimum outflow in 
excess of 4,500 cubic feet per second with control at the present outflow of Lake . 
Nipissing at the Chaudiere falls. This outflow is obviously much beyond the limit 
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of any canal requirement, so that further discussion of this level with regard to sup- 
ply is unnecessary. 

The second is that which applies to the project as laid down and calls for a 
summit level at elevation 677.0, or 29 feet over the raised Lake Nipissing level, and 
extending from the small upper lakes or sources of the Ojibwaysippi creek at the 
west end, to the iower end of Talon lake at the east end, and embracing Trout and 
Turtle lakes, the Little Mattawan river and Talon lake, a distance of about 24 miles, 

This will be accomplished by 10 small puddle core earth-dams at the west end, 
and a concrete overflow, crest dam just above the present overflow of the Talon 
chute at the east end. ‘The effect of this will be to raise Talon lake 41-7 feet, and 
Trout and Turtle iakes 14.3 feet above their present levels, thereby creating a sum- 
_ mit basin of 22.4 square miles in area. . 

This elevation of 677 is the most economic height to raise the water now con- 
tained in these lakes, in order to use them as a summit level, from the comparative 
standpoint of increased height and consequent cost of the lock structures at either 
end, and the minimizing excavation to obtain grade between them. 

By fixing the summit grade at elev. 651-0 a storage of six feet is obtained in 
the Summit basin over the minimum projected draft of 20 feet on the upper sills of the 
summit locks. 

Lake Nasbonsing, which lies within the same watershed as the Summit lakes, 
is at present about 148 feet above the level of Talon lake, and will be about 103 feet 

above the projected summit of 677-0. It flows into Talon lake by the Kaibuskong 
ereek, and with control at its outlet at Bonfield will yield a storage of six feet over 
its area of 6-54 square miles, and which can be drained to the lower or summit stor- 
age level, as required. 

The summit is controlled by the fixed elevation of the crest of the Talon chute 
dam. Any excess of water over the storage level can be wasted into the present river 
draining these lakes, that is to say, by way of Pimisi lake and the Paresseux falls to 
Deep river below. 

We now have within the summit watershed six feet of storage in Trout, Turtle, 
Talon and Nasbonsing lakes, over an area of 28-94 square miles, available for canal 
purposes at the opening of a navigation season. ‘There is sufficient inflow from the 
watershed from the close of one navigation season (Noy. 24) to the opening of the 
next (some time in May) to refill them; that is, to make up the amount by which 
the storage was depleted during the previous season. This is evident from the report 
of the hydraulic engineer. 

Referring to statement No. 4 of that report, it will be seen that the monthly 
average inflow to the summit basins, between the opening of navigation in May until 
the middle of June in both years, during which that data was collected from this 
watershed, is sufficient to meet all demands made upon the Summit for canal purposes, 
so that there need be no call upon the summit storage during that period for this 
reason—it will be shown that the total of all sources of drainage for canal purposes 
will be something less than 500 cubic feet per second, and statement No. 4, above 
alluded to, shows that during the years 1905-6 the average inflow per day for May 
and the greater part of June is largely in excess of this amount. The years 1905-6 
luckily proved to yield a minimum precipitation and, from comparison with records 
of the Meterological office, Toronto, over a number of previous years, will safely 
allow that data to be taken as representing the minimum condition of supply from 
the watershed. 

Commencing, therefore, at sometimes in the latter part of June, the inflow will 
-not be sufficient to supply the demand, and the storage will be called upon to make 
up the deficiency. 

The demand upon the summit for canal purposes is that due to the amount of 
water required for lockage and all other sources of drainage. By computing the 
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latter and deducting it from the supply of storage, plus the inflow from the time 
fwhen the inflow alone becomes insufficient to supply that demand, we obtain the 
amount of water that will be available for lockage alone, and at. once establish the 
value of the summit. 

Upon the amount of water available for lockage depends all speculation with 
regard to tonnage capacity of canal, for it at once establishes the limit of the inter- 
val of time between successive lockages that is possible throughout a season. 

Sources of drainage of the summit during the season of navigation other than that 
of lockage may be classified as follows :— 


1. Leakage at lock-gates and valves. 

2. Leakage at waste-gates. 

3. Leakage at dams. 

4. Quantity required for power and light at locks. 
5. Loss by evaporation and seepage. 


These are the oniy other sources of drainage for the summit basin and will now 
be taken up separately and their total determined. Results of computation will be 
expressed in cubic feet per second. 


LEAKAGE OF LOCK-GATES AND VALVES. 


General.—This is a question, the data for which must necessarily be assumed, 
and it is reasonable that some definite assumption regarding that data be made from 
which to compute the probable loss, and not to asume that volume arbitrarily. . 

As the ievels below the summit are not dependent upon it for supply, and the 
summit locks are of higher lifts than those of the locks below them, the computation 
may be confined to the summit locks alone. 

The loss through the lock-gates is dependent upon the head against them. As 
this head is different at both ends of the summit, and moreover as the lock at the 
west end is a single lock, while that at the east end is part of a flight, they wiil be 
treated separately. 

The valves for operating the locks are subject, when closed, to the pressure of the 
entire lift they control, and as they are of a different type in the single lock from 
that of the flights they wili also be treated separately. 


UPPER PARESSEUX FLIGHT. 


Gates.—The extreme head on the upper gates is 27 feet, and the extreme head on 
the intermediate gate is 55 feet. A study of the flight profile during the stages of 
continuous locking will illustrate this. 

The head necessarily varies between the above limits during operation, and when 
the flight is at rest the head depends upon whether a boat has just locked up or down; 
if the former, the maximum leakage head occurs at the intermediate gate and is that 
due to a head of 30 feet; if the latter, it occurs at the upper gates and the head is 
27 feet. 

As the head of 55 feet only occurs during operation, and then only for a short 
period, it is reasonable to assume that the leakage head would be slightly in excess 
of the mean of 27 feet and 30 feet; assume it to be 80 feet. Leakage around the 
quoins, between mitre posts and through lift walls, may be neglected here and 
accounted for in making up the total for leakage; no reasonable assumption can be 
made for defects of workmanship in their construction. 

Assume that when compieted one leaf of the pair of gates will be longer or 
shorter than the other, and compute the leakage which would follow from this condi- 
tion. If one gate was shorter than the other, the paid would not miter at the point 
of the sill, ‘ut would do so at some distance above it when under pressure. Framed 
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steel gates would have sufficient elasticity to allow them to bend inward enough along 
the axis of the lock to accomplish this, when there would only be a small vertical slot 
of assumed height and of varying width through which to estimate an amount of 
leakage. . 

It would seem more reasonable to assume one leaf of a pair longer than the other, 
so that when mitered one gate would not close against the sill for its length from miter 
to quoin. This would give a larger orifice than were the gates a little short, and 
they would, moreover, seal along the vertical length of the miter post. The dimen- 
sions of this orfice may be taken at 3 inch by 88 feet, or an area of 0-79 square feet 
under a head of 380 feet, and using the discharge formula for small orfices of 


Q=0-6 x ab \/2gh will give the discharge in this case of 14-7 cubic feet per second. 


Valves.—The valves are of the ‘Cup’ pattern, designed to seat perfectly when 
closed, both the seat and bottom of valves being machine faced with the vertical move- 
ment of the valve being directed by guide flanges. When under head the valves are 
pressed against the seat by a varying pressure up to 84 tons and there can be no leak- 
age through them. 


TROUT LAKE LOCK. 


Gates.—The average head against upper and lower gates here would be 28-5, 
which, under the same assumption as that at the flight, would give 14°4 cubic feet 
per second loss to the summit. | 


Valves.—These are either the ‘ Butterfly’ type or the ‘ Coffin’ roller-bearing gate, 
both having been estimated for. If the latter, the leakage may reasonably be neglected, 
this type of valve being designed to a machine faced wedged seat all around; but if 
the former, it may be taken into account. 

There would be 4 ‘ Butterfly’ valves at each end of the lock, 8 feet square, rec- 
tangular, and turning on a central shaft. They would seat on the sides parallel to 
the shaft, but would require a clearance on the sides carrying the shaft; taking this 
clearance at 3 inch and considering 34 feet on each side of shaft-bearing, would give © 
a leakage for the 4 valves of 21-8 cubic feet per second. 


Leakage at Waste Gates.—Above the Upper Paresseux locks a pair of 6 ft. x 6 ft. 
‘Stoney’ gates supply the reach between the Upper and Lower Paresseux flights with 
the amount drawn from it for power, and may also be used to supply that reach in 
the event of continued lockage up through the lower flight alone, or for other such 
emergency. These gates are fitted with water seal rods and are under practically no 
head, being immediately below the surface. The leakage through them would be small. 

Consider that, when these gates are not supplying water for power and are shut, . 
they do not close their sills by 4 inch; the sill being 10 feet below the surface, the 
leakage through these orfices would be 2-7 cubic feet per second. When opened to 
supply the pools between the two flights for power, they could never be regulated 
exactly to supply that demand, and would probably be opened somewhat in excess. 
We may consider for this excess and for leakage 6 cubic feet per second. There should 
be no leakage around the concrete structure as it will be built in the solid rock from 
foundation to copings. 


Leakage at Dams.—There would be 10 dams at the head of Trout lake, from 150 
to 650 feet in length and from 7 to 17 feet in height at middle of dam from foundation 
to water surface. They would have slopes of up and down stream faces of 3 and 2 on 
1 respectively, and each contain a 6-foot puddle core, and would be very carefully 
built, the puddle core cross cut through successive layers, watered and rammed. 

There appears to be little comparative data from which to estimate an amount 
of leakage through these dams. Large openings which would permit much loss would 
certainly be promptly repaired. The foundations of their ends would be in solid 
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granite rock containing no fissures; that lying between would be in extremely hard 
boulder drift and the estimate of leakage through them may be confined to the built-up 
embankment. | 

Loss by leakage through canal banks has been estimated in many different cases, 
the loss being given in cubic feet per mile per minute, based upon the area of the 
cross-section of the prism. This loss has been taken generally as ‘combined loss by 
evaporation and seepage,’ A table showing many measurements and estimates of 
this loss will be found in the 1901 report of Mr. Emil Keuchling, M. Am. Soc. C. E., 
engineer for water supply for the New York state barge canal. In this table it is 
given for ‘Canals in general average condition, maximum loss 98-7 cubic feet per mile 
per minute,’ for.a water surface width of 52-5, a bottom width of 32-8, and a depth of 
6-6. It is to be observed that this leakage occurs through both sides and bottom. 
If we consider that one bank takes one-half of this total loss, we shall be reasonably 
safe in making a comparison between it and the dams in question in regard to the 
leakage through them. 

For the purpose of comparison we may rely upon the area of wetted surface in 
each case, the average depth of water on the dams being about the same as that given 
in the table. From this table we find that the area of wetted surface of one bank, 
with a depth of 6-6 and for one mile in length is 63,360 square feet, and the leakage 
therefrom would be %8-%, say 50 cubic feet per mile per minute. This in- 
cludes evaporation over a surface 524 feet wide and one mile long, but we may neglect 
the evaporation, however, and consider the leakage full 50 cubic feet per mile per 
minute. The total area of wetted surface of the dams will be approximately 44,800 
square feet and the average depth about 6-5 feet, which will give a leakage of 0-6 
cubic feet per second through them. This leakage is practically nothing, and might 
be neglected, but in order to provide for some defects in construction we may assume 
4 cubic feet per second loss under this item. 

The dam which holds the flooded area of the summit lakes immediately above 
the ‘Talon chute’ lies across a narrow gorge and will be of solid concrete on rock 
foundation throughout. It has no waste gates, the summit regulation being by the 
crest, which is 1,110 feet in length, standing at elevation 677-0. No leakage need be 
estimated through this dam. Cut-off dams of mass concrete run from the upper end 
walls to the contour raised w. s. above the upper and lower Paresseux flights of locks 
with their copings at the same elevation as the copings of the lock walls. These are 
of the same nature as the Talon dam with regard to foundation, and no leakage may 
be expected through them. 


QUANTITY REQUIRED FOR POWER AND LIGHT AT LOCKS. 


The east end of the summit level is designed to be equipped with hydraulic- 
electric power station sufficient to operate the gates and valves of the two Paresseux 
flights, and also light the canal from Talon lake through to Deep river of the Mattawa 
below the lower entrance to the Paresseux flight An average required for this item 
throughout the 24 hours would be 133 cubic feet per second. The derivation of this 
flow is given in detail in a report of Mr. G. F. Chism, in Appendix S. No water is 
estimated to be drawn from the summit for power to operate the Trout lake lock, 
nor for the lighting of the canal from Lake Nipissing through to Trout lake, or 
to operate the bridges there. A producer gas-electric plant will surply this demand. 


LOSS BY EVAPORATION AND SEEPAGE. 


The evaporation ioss over the summit basins when raised to their proposed eleva- 
tions is included in the available inflow or natural run off from the water shed, as 
will be seen in statement No. 4. and tabulated statement No. 5 of the hydraulic 


» 
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engineer’s report. It is therefore accounted for under supply, and need not be fur- 
ther referred to here. 

The summit basin lies within high rocky hills through which no seepage could 
take place after the water surface had been raised for such a time as to percolate 
the surface soil above the present lake surfaces which would be inundated. Lake 
Nabonsing has often been held by the present lumberman’s dam to the proposed 
elevation for storage, and any seepage from it would naturally find its way to the 
summit lakes. 

It seems reasonable to venture that, under construction, the workmanship on 
the locks, gates, and dams in all cases would be of such a class as to preclude the pos- 
sibility of iarger defects than those here assumed. The computed leakage there- 
from may be taken to approximate a reasonable limit. 

We now have for the summit drainage, other than that required for lockage, the 
following summary :— : 


Cu. ft. per sec. 


1. Leakage through lock-gates and valves... .. -. -- ++ ++ 50-9 
9. Leakage through waste-gates .. .. -. e+ ee ee te ee es 6-0 
8. leakage through dams... 2.0= <0) 220+ ees6 cs ee ee ae 4.0 
4. Quantity required for power and light .. .. .. -- -- >; 13-5 
5. Loss by evaporation and seepage (in supply)... ..-- .. -- 0-0 

GR he ee ony eee ame ern oye Se: 


Allowing for undue leakage around quoins, between miter posts and through lft 
avall, would bring this total up to, say 80 cubic feet per second. 

It will be seen from statement No. 4 of the hydraulic engineer’s report that, 
after June 24, 1905, and June 19, 1906, the inflow from the watershed was insuffi- 
cient to supply a demand of over 500 cubic feet per second. If the canal had been 
constructed «t that time, and 500 cubic teet per second had been required for total 
canal purposes (including lockages), it would have been necessary to draw upon the 
storage after those dates. 

By taking a mean of the inflow from June 24 to November 24, in 1905, and 
from June 19 to November 24, ‘in 1906, and deducting from them the 80 cubic feet 
-per second (the amount required for all sources of summit drainage other than lock- 
age), we will obtain for each of those years the amount of inflow alone that would 
have been available for lockage. If we add to this the discharge outflow from stor: 
age alone in cubic feet per second, between the above dates, we will obtain the total 
amount in cubie feet per second, that would have been available during eaeh of those 
wo years for lockage purposes alone. This is illustrated by the following :— 

The total for 6 foot storage in Trout, Turtle, Talon and Nasbonsing lakes is 
-4,840,805,960 cubic feet. 


1905 
Available from storage, June 24 to Monthly average from inflow :— 

November 24= 153 days, 366 cubic feet Remainder of June.. .. .. 196 cub. ft. 

per sec. dulyoe ae oe tao. ee 
August, Oye GSS 
September: .. <. 4 148-9 = 
Ootoberis .c) isi as. coe tas 
November.. s24°. = 


Season average=195 c. f. 8. 
Available for lockage, 366 4+ 195 — 80 = 481 cubic feet per second. 
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1906 
Available from storage, June 19 to Monthly average from inflow :— 

November 24 =158 days. 355 cubic feet Remainder of June... .. .. 280 c. f. 8. 

per sec. Sly ett a ee Te EE 
AUMPUGUrs icles ee a A OOae oe 
September.... .. .. 29 “. 
OCLODEEY eae cee Lote 
Novembernics oc «2 200” 


Season average = 160 c. f. s. 


Avaiiable for lockage, 355 + 160 — 80 = 435 cubic feet per second. 


QUANTITY REQUIRED FOR LOCKAGE. 


The quantity of water required for lockage, in cubic feet per second, over the 
summit depends upon :— 

1st. The amount passed out of the summit per vessel passed. 

2nd. The relation of their alternating east and west. 

3rd. The time consumed per vessel passing each lock. 


The first and second have caused much discussion and misunderstanding, owing 
to the fact that displacement at first appears to, but really does not, enter into the 
condition. The following analysis by the late Mr. George Y. Wisner, M. Am. Soc. 
C. E., is a correct solution of the problem.* 


‘Let Mi=area of lock X lift, west end of summit, 


Mo= 9) 2) east ) 
Di=displacement of vessel going east, 
(ADE e - » west, 


Q =quantity of water used, 

For vessels locking successively west to east :— 
Q=Mi+Di+M2—Di—=M1-+Me 

For vessels locking successively east to west:— 
Q=Me2+D2+Mi—De=Me-+Mi 

With vessels alternating regularly each way,—for vessels going east :— 
Q=M1+D:1—Di=Mi1 

For vessels going west :— 
Q=Me+De—D2—=Me. 
Average quantity used per vessel, —=M1i+Me 

2 


“Tt is estimated from various canal statistics, that for the entire season, the alter- 
nate lockages will average 4 the total number of lockages ’—when from the above it 
will be seen that the average quantity used becomes # (Mi+ Me) or 2 of the sum of 
the volumes of the summit locks per vessel passed. 

Trout lake lock, (west end) M=—1,225,250 cu. ft. 
Upper Paresseux, upper lock, (east end) M=1,267,500 cu ft. 

2 (Mi+M2)=1,869,563 cu. ft. per vessel passed, or 21-63 cu. ft. per second 

per day per vessel passed.+ 


We are now in a position to determine the time consumed per vessel passing each 
lock, or the least interval between successive lockages, that could have taken place 


*Trans. Am. Soc. C.E., Vol. XLV., page 331. 


These figures are a maximum, and will decrease as the storage depth of the summit 
pool (6 feet) decreases. 
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after the middle of June during 1905-06 under the second condition, or that which 
applies to the project as laid down.. The season 1905 would have permitted 
481-21 -68—=22 lockages per day, or a minimum interval of 1 hour 5 minutes; 1906 
would have permitted 20 lockages per day, or a minimum interval of 1 hour 12 
minutes. 

The time interval between successive lockages which would probably prevail on 
the Georgian Bay Ship canal is necessarily a matter of conjecture, but a general 
idea may be arrived at by comparison of similar locks under similar conditions. 

The three locks around the Sault Ste. Marie falls afford this comparison, and the 
following table compiled from the statistical reports of these locks over several years 
will serve to illustrate the comparison. 
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A study of this table shows that the total number of lockages per season at each 
lock is increasing year by year, and consequently the time interval between successive 
lockages is becoming shorter. This is due to the increase in the passing freight 
tonnage, there being more vessels in the freight-carrying trade year by year passing 
through these locks. This will continue to increase until the present locks will be 
worked to their full capacity, at which time the average interval between successive 
lockages will have reached a minimum for each lock. Up to the present time 
the greatest number of lockages for each lock in a day, and the consequent intervals 
are as follows :— 


Lock, Number of lockages, Interval, 
Canndian ccs ee ee ee ae ae eee 42 minutes, 
Ob Sky Rad ee en ee tol, Seer oe ; 40: Sirs 
Weitzel ee. Gee 41 35 ue 


Single lockages have been made in less time than the above intervals show; as 
for instance, a single steamer has been locked through the Canadian lock in 8 minutes, 
the Poe lock in 11 minutes, and the Weitzel in 10 minutes, but it is unreasonable to 
consider these times in the endeavour to judge what interval would be applicable to 
the condition of traffic most likely to prevail in the Georgian Bay Ship Canal. 

The Soo locks are at the present time considered to be inadequate to handle the 
increased traffic expeditiously and, for that reason, a new lock of greatly increased 
capacity to the Poe lock is now authorized by Congress to be constructed on the 
Michigan side, and an additional lock to that is also contemplated there. For the 
Canadian side a new lock and canal are at present being considered by the Depart- 
ment of Railways and Canals and will, no doubt, reach the construction stage within 
the next ten years. 

The congested traffic at the Soo is shown by the small interval between successive 
lockages and, when a new lock has been opened that interval has naturally become 
longer to suit the altered condition; from this we should judge that there must be 
some interval which must be in harmony with the condition of traffic, when that 
traffic is without congestion. 

In 1895 the number of lockages in the Weitzel lock was 7,039, when the traffic 
may be considered as having been congested, as the time interval for this lock in 
that year was 47 minutes. In September of that year the Canadian lock was opened, 
and in August, 1896, the Poe lock was opened and, in consequence of these two new 
locks being thrown open, the number of lockages in the Weitzel in 1897 was reduced 
to 1,577, the Poe lock that year taking 4,390 lockages and the Canadian lock 4,359. 
The time interval in the Weitzel lock being reduced from 0 hours 47 minutes to 3 
hours 30 mintes, and the intervals for the Canadian and Poe locks for the same year 
were 2 hours 11 minutes, and 1 hour and 18 minutes respectively.* | 

From the above it would seem reasonable to assume that a time interval of 1 
hour 20 minutes over the estimated navigable season of 210 days, as a conservative 
maximum upon which to base any speculation with regard to the summit tonnage 
capacity, irrespective of its direction east or west, which could be fairly maintained | 
with the supply of water at hand unaugmented by any outside source of supply. 


Tt may not be amiss here to speculate in regard to the amount of tonnage which 
may be passed over the Summit using the above interval. 

The Georgian Bay canal locks are designed to take the largest tonnage freighter 
plying the great lakes, or in excess of 12,000 tons of cargo per lockage. The average 
tonnage per lockage at the Canadian and Poe locks in the last five years ranges from 
1,355 to 7,446 tons, and it seems safe to assume that the type of through lake carrier 
which would use the Georgian Bay Ship canal would average at least 2,500 tons cargo 


*The summit locks of the Georgian Bay Ship canal are designed to effect a change of 
level in the chamber in eight minutes, or about the same time as that of the Canadian 
lock at Sault Ste. Marie. . 
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capacity or better. On this basis we may consider two vessels, the Arthur FE. Orr 
and the Kearsarge, which may be taken to illustrate a type of through lake carrier. 
They are much smaller than the capacity of the locks as designed, and are a common 
type of package, freight and bulk cargo carrier built and building at present on the 
Great Lakes. ; 

These boats ply between Lake Michigan and the Georgian Bay railway terminals, 
carrying principally package freight. They are of that class which would most prob- 
ably use the Georgian Bay Ship canal to the St. Lawrence terminals. Their dimen- 
sions are as follows:— Str. Arthur E. Orr: length, 344 feet; beam, 41 feet; draft, 20 
feet; cargo tonnage, 4,800 tons: net tonnage, 2,740 tons; gross tonnage or displacement, 
7,545 tons. Str. Kearsarge: length, 328 feet; beam, 44 feet; draft, 20 feet; cargo, 
4,500 tons ;net tonnage, 3,092 tons; gross tonnage or displacement, 7,592 tons. 

With vessels of this class averaging 2,500 tons, the summit would pass 9,550,000 
tons in 210 days of navigation. This must not be taken to represent the extreme 
capacity of the canal within the limit of an interval of 1 hour, 20 minutes; for, if 
trade warranted the passage of boats of 4,000 tons cargo capacity on the basis of 1 
hour, 20 minutes between successive lockages in 210 days, the tonnage would be 
increased to 15,120,000 tons per season. Of course with a shorter interval this ton- 
nage would again be increased by a considerable amount. 

It may be stated broadly that, upon the basis of successive lockages occurring 
1 hour and 20 minutes apart, and with all other summit drainage accounted for, 
the supply is greater than the demand, even with 10 per cent added to the latter by 
upwards of 40 cubic feet per second. 


The third condition, or that of augmenting the summit supply from outside 
sources, has been carefully worked out by the hydraulic party and a special party of 
the district staff. With an expenditure of about $20,000, the waters of the Wisawasa 
ean be drained into Lake Nasbonsing, thereby giving a total of 542 cubic feet 
per second available during a navigation season from all sources for the summit 
supply; this is fully illustrated in the report of the hydraulic engineer. 

With an expenditure of about $900,000 the entire watershed of the Amable du 
Fond river could be made available as an additional source of supply. This would 
be accomplished by damming the Amable du Fond river at Gravelle chute and divert- 
ing it by flume, open cut, and tunnel to the headwaters of Sparks creek which flows 
into Talon lake some distance west of the proposed dam-site at the Talon chute. This 
watershed covers some 300 square miles and contains a number of large lakes. By 
using these lakes as storage reservoirs having controlling dams at their outlets, there 
could be obtained an additional 700 cubic feet per second during naivgation season 
to augment the summit supply. 

It will be seen that, with the additional supply of the Wisawasa and Amable du 
Fond watershed, there would be about 1,250 cubic feet per second available for canal 
purposes continually throughout the open season, or more than sufficient to supply 
the summit, were the locks to be doubled and each the size of the Canadian Ship 
eanal at Sault Ste. Marie. 

| FEEDER CANALS. 


The basin which enfolds the adopted summit will derive its supply of water from 
the combined watersheds of Trout, Turtle, Talon and Nasbonsing lakes, in all cover- 
ing an area of 342 square miles, and whose present outfall occurs at the Talon chute 
at the lower end of Talon lake. 

The run-off of this basin has been shown to be upwards of 500 cubic feet per 
second throughout a season of navigation in any one year, and which will be used 
to make up the depletion of the impounded storage of the summit lakes from canal 
usages, up to such a time as both the inflow from the watershed and impounded 
storage will be called upon for canal purposes, as explained under the heading of 


‘Summit.’ 
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In order to increase this supply during the latter term—in the event of such an 
increase being deemed necessary—investigation of adjoining watersheds were made 
with a view to diversions of their outflows into the summit basin. 

- The Wisawasa river, draining the watershed of that name and whose catch 
basin is Lake Wisawasa, flows into Lake Nipissing at East Bay. This watershed 
will approximate 60 square miles in area, and yield a run off during the season of 
navigation of 50 cubic feet per second. These waters can be diverted by means of a 
dam and open cut into Depot creek, a tributary of Lake Nasbonsing, thus allowing 
them to flow into that lake, the highest storage level of the projected summit lakes. 

Lake Nasbonsing lies about six miles to the north of Lake Wisawasa, and 
about 60 feet below it. The cut necessary to effect the diversion will pierce the 
divide between them, which occurs close to the latter. The cut would be on a 04 
per cent grade, about 5,000 feet in length, 20 feet in width, and average less than 10 
feet depth of cutting. It would contain approximately less than 35,000 cubic yards, 
over one-half of which would be rock. 

From the north end of the cut, where it joins Depot creek, the descent into Lake 
Nasbonsing would be rapid. 


A study of the Amable du Fond river and its head-waters leads to a belief that 
the full discharge of its watershed could be so diverted as to flow into the Summit 
level above the Talon chute, instead of discharging, as at present, into the lower 
Mattawa river at the Epines rapids, five miles below. 

Sparks creek flows into Talon lake, one mile above Talon chute. Its course 
parallels that of the Amable du Fond river, and its surface elevation at its upper end 
approximates that of Kiashkoqui lake, which is the lowest lake of the Amable du 
Fond watershed, and whose outflow is the Amable du Fond river. 

From many reconnaissances, carrying levels, of the country lying between the 
upper end of Sparks creek and the upper part of the Amable du Fond river, it was 
found that a diversion of the waters of the latter into the source basin of the former 
would be possible. 

An exhaustive examination of this route was made, placing the configuration 
of the country under close contour and exact levels. With this information in hand 
the project of diversion, by dam across the Amable du Fond river at Gravelle chute, 
and with flume, open channel and tunnel, was carefully laid down and an estimate 
of the cost for same obtained. 

That part of the Amable du Fond watershed above Gravelle chute is 305 square 
miles in area, and will yield, with control of the several lakes therein, a maximum 
discharge of better than 750 cubic feet per second during the period above referred 
to or that commencing at the time when both inflow and storage of the summit basin 
will be called upon to supply canal purposes. 

The investigation of the hydraulics of this part of the elif and the amount 
of impounded storage that could be controlled therein, was carefully gone into by a 
special party under the direction of the hydraulic engineer; very complete data 
relative thereto will be found in the report of that division of the staff, and need be 
referred to but sparingly here. 

The upper catch basins of this watershed are those of Lakes Kiashkoqui, Mink, 
Three-Mile, Manitou, Tea and Kah-wah-way-igo-mog above the Indian river. These 
lakes, excepting the first, can be raised by inexpensive timber dams to impound a 30- 
foot storage in each above their normal levels, and Lake Kiashkoqui, 32 feet, in the 
manner described before. 

A judicious control of the outflow of these lakes at their respective dams, once 
they have been filled to the required elevation, will yield, during the required term, 
the discharge mentioned above. 

Kiashkoqui lake, the last of the chain of lakes in this watershed, will be held by 
« dam thrown across a natural gorge of the Amable du Fond river, just above the 
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Gravelle chute, and about five and one-half miles below the outlet of that lake where 
the converging side hills naturally lend a site to that project. 


The river above the dam is well contained within very high and steep rocky hills 
which parallel the river close upon each side. The present low water fall of the river 
from the lake to Gravelle chute is 41 feet, or from elev. 989 to elev. 948. Its fall 
in flood is indeterminate, being held by timber dams at both places at the present time 
and used by the lumber interests in the spring drives. 


The dam at Gravelle chute will raise the river at that point 73 feet, and the pre- 
sent low water surface of the lake above by 32 feet, as above stated. It will be pierced 
for the intake or regulation works, giving access to the feeder canal, and also by other 
regulating works carrying the surplus waters to the Amable du Fond river below, 
when not required for diversion. The dam will be in two parts; the main dam will 
be thrown across the gorge of the river proper and contain the intake or feeder regu- 
Jation, and will have about 1,300 feet crest length; the other spanning a break in the 
flood contour to the east nearby and containing the waste gates, will have about 550 
feet along its crest. Both dams will rest entirely upon rock foundation and. will be 
of the rock and earth-filled type, with a hand-laid wall on a 2 on 1 slope between; 
the earth face up stream will be a 1 on 8 slope, and the rock fill below on a 1 on 1 
slope. . 

With proper regulation of the stream flow during construction, and the erection 
of inexpensive coffer-dams, these works can be built entirely dry. 

The rock-fill will approximate 48,000 cubic yards, and the earth-fill 135,000 cubic 
yards, material for which may be found in the immediate vicinity; details of the 
other parts of this dam may be found in the estimate. 


The intake or entrance to the feeder is on the south side of the main dam and is 
situated in the side hill proper; it is of concrete construction throughout, on rock 
foundation, with concrete key-wall running from the abutment into the dam on that 
side. The gate openings are two in number with pier between, and will each be 12 
feet wide with their sills at elev. 1,013, or eight feet below the highest reservoir 
level, elev. 1021. This will allow up to one foot head of water over that at the com- 
mencement of the flume which joins the intake immediately below; the dimensions of 
the openings are thereby amply large to insure the flume running full, or upwards 
of 700 cubic feet per second. 


Each opening will be fitted with a steel bound wooden gate working in cast-iron 
grooves, raised or lowered by hand machinery from a bridge built above the coping, 
the maximum power required to raise the gate, when closed against full head on up- 
stream side, being about 3,600 lbs. 


The waste gates in the other dam will be similar in construction and will dis- 
charge to a stone pitched channel leading to the river below. 

The line of the diversion follows the shortest obtainable grade, with the least 
amount of excavation in channel and tunnel, to the headwaters of Sparks creek a 
distance in all of 84 miles from the Gravelle chute, at which point the grade runs out 
above the bed of Sparks creek. 

The grade elevation or inside bottom of channel at the intake will be 1013, 
that at the point of junction between the feeder and Sparks creek will be 994-4, or 19 
feet in all; this fall is distributed with reference to the nature of the different con- 
duits and their respective lengths, so as to obtain the required velocity therein and 
consequent uniform volumes of discharge in each. 

The diversion is obtained by means of flume on trestle bents where the side hill 
slopes permit, by tunnel where necessary to pierce the ridges separating the two valleys, 
by lined open channels above and below the tunnel portals joining those points where 
the flume leaves off and the tunnel begins, and by unlined open cut. 
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The tlume will be of wood, 15 feet wide and 7 feet deep, lined with matched 
lumber and supported on substantial trestle bents, 14 feet centre to cenire, the line 
tollowing the configuration of the side hill. 

The lined open channels will have a bottom width of 8 feet, a depth of 7 feet, 
with side slopes of 14 on 1. They will be lined with concrete on a foundation of 
broken stone. 

The tunnels will be trapezoidal in form, with an arched roof, somewhat less in 
wet area of section but with increased grade over flume or open channels, well 
timbered, substantially lined with concrete and the intervening space between packed 
with suitable material. 

The unlined open channels have a bottom width of 20 feet with side slopes of 
14 on 1. 

The elements of the different sections are obtained from trial sections, limiting 
velocities, obtainable grades, and the Chezy formula V=c\/rs with the values of ¢ 
from Kutters formula and various tables. 


The following summary is descriptive of the main features of the feeder. 


ELEMENTS, AMABLE DU FOND FEEDER. 


] 
| E}. Fl. Dis- Grade, 
Description. From Sta. To Sta. tance, | Fall. Ss. ve Q.* 
W.S. WS. feet’ p.c. 
aa i 
AIM eer dato sakes, we O + 00; 1020-00! 114 + 50) 1016-09; 11,450} 3-91 03 |-00034; 7-11) 746-5 
Lined open channel..| 114 + 50} 1016-09/ 117 + 30] 1015-99 280; 0-10 03 |-00031; 5-79! 750 
Pannell cores Ses 117 + 30} 1015-99; 1384 + 00) 1013-98 1,670} 2-01 12 {-00121) 9-74] 750 
Lined open channel..| 134 + 00} 1013-98) 163 + 00} 1013-08 2,900} 0-90 03 |-00031| 5-79) 750 
LUMIE Se. Werle eee ae 163 + 00} 1013-08; 322 + 00} 1007-64; 15,900} 5-44 03 |:000384| 7-11) 746-5 
Lined open channel..| 322 + 00} 1007-64) 322 + 70! 1007-62 O} 0-02 03 |:00031) 5-79} 750 
J Un ewove) WA Gestyede nhs ols coe 322 + 70} 1007-62) 338 + 90} 1005-65 1,620) 1-97 12 |-00121} 9-74) 750 
Lined open channel..| 338 + 90| 1005-65) 344 + 00} 1005-49 510; 0-16; -03 |-00031| 5-79) 750 
Unlined open channel} 344 + 00} 1005-49] 425 + 00: 1001-00 8,100) 4.49) -05 |-00053| 3-51) 750 
42,500} 19-00 | 


*Theoretical. 


From the table it will be seen that the volume discharge for each section, is in 
excess to that required, i.e., 700 cubic feet per second, and which is estimated to over- 
come undue friction due to curvature, bad workmanship and leakage. 

The hydraulic elements of the different sections were taken for the imaximum 
discharge, but it is not supposed that this discharge is to be required continuously 
during the period called for, when, in the event of a less discharge, a general decrease 
in the hydraulic elements will obtain. 

rom the intake the water is carried by a flume two miles, the location being on 
the steep side hill slope of the west side of the river, where the first height of land is 
met. Through this the water will have to be carried by means of a tunnel 1,600 feet 
in length, with lined open channel above and below the portals joining the tunnel 
with flume. The lined open channel above and below will total 3,200 feet. 

Below this tunnel the contour of the ground surface necessitates a cut in which 
is the lined open channel varying in depth from 40 to 15 feet, over a distance of > 
of a mile to where the side hill and valley approaching Sparks creek aremet. From 
here to a distance of three miles below the water will be again carried by a flume 
entirely upon side hill location where the last divide between the valley of the Amable 
du Fond river and the upper part of the watershed of Sparks creek occurs. 

This ridge is pierced by a tunnel 1,600 feet in length and, as before, having 
lined open channel above and below its portals, 70 feet above and 2,500 feet below. 
At the lower portal of this tunnel the ground surface is about 17 feet above grade 
and a cut of this depth for a distance of one and one-half miles in unlined open 
channel will carry the diversion to a point in the bed of Sparks creek, where a sharp 
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fall begins the natural descent into the proposed summit elevation of Talon lake, 335 
feet below. 

No unwatering would be necessary in the construction of this work, ag natural 
drainage would be effective in the tunnels and cuts. 

The diversion will be a little over eight miles in length, 63 per cent being flume, 
20 per cent unlined open channel, 9 per cent lined open channel and 8 per cent tunnel. 

The Amable du Fond river is largely used at present during the spring floods 
to pass timber cut during the previous winter into the Mattawa river below. In the 
event of constructing the diversion, some other method of disposing of or transport- 
ing the logs would have to prevail, for the reason that the necessary water for the 
drive would be required for storage in the lakes above, and the present outlet of the 
lumber interest in that vicinity, the Mattawa river, would have to be entirely free to 
insure safe navigation. 


REGULATION. 


Regulation of the water of the different reaches of the Nipissing district, so that 
the adopted elevations may be maintained therein with sufficient flexibility of control, 
will be accomplished in two ways :— 

Where the variation of the discharge will be very great, by large square open- 
ings built in the main dam, fitted with sluice gates or stop-logs, and of sufficient 
number to pass excessive discharges within short periods of time, and allowing withal 
of close regulation during the periods of low discharge. 

Where the maximum discharge is comparatively small, by overflow dams, the 
available crest length permitting the flood discharge to pass without excessive depth 
over the dam, the fixed elevation of whose crest will maintain the reach above at the 
required stage. 

It is estimated by the hydraulic staff that the flood discharge of the Ottawa 
river between the Mattawa river and the Des Joachims rapids will be so regulated by 
controlling dams, distributed throughout its upper watershed, as not to exceed 45,000 
cubie feet per second. 

The regulated discharge during the season of navigation will approximate 16,000 
cubic feet per second, and its minimum, that might probably occur during the same 
period, 7,550 cubic feet per second. 

It is evident that a possible excess over the above flood discharge must be guarded 
against in the event of the failure of the watershed control, and with such regula- 
tion below Mattawa as to control the variation of the discharge there between the 
above limits. 

For this reason, it was deemed best to establish openings of sufficient size to pass 
about 120 per cent in excess of the regulated maximum flood discharge, as estimated 
by the hydraulic staff, or say 100,000 cubic feet per second. 

Steel sluice gates of the ‘Stoney’ pattern, and of varying widths and heights 
to suit different openings, together with suitable machinery, operated from a bridge 
spanning the substructure, to raise and lower them, were designed and estimated for 
by Mr. Henry Goldmark, C.E., of Montreal. ‘This allowed the design of a substruc- 
ture with sufficient openings, and of the required dimensions, to suit the intended 
location. 

ROCHER CAPITAINE. 


The dam spanning the river at the Rocher Capitaine rapids will be fitted with 
regulation works of this character. The main channel of the river will be blocked 
by a rock and earth-fill dam at right angles to the flow, from the flood contour, at 
a point on the upper end of the Rocher Capitaine island on the south to the present 
low water line on the north shore, at which point the regulation works commence. 

The regulation works will extend for about 500 feet in the same direction; a 
mass concrete dam will continue from their north end to the raised water surface 
contour on that side. 
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The rock-fill of the main dam will have slopes approximating 1 on 1, the up- 
stream face holding an earth-fill to a 1 on 8 slope, a woven timber mattress being 
placed between; the dam will have a crest width of 30 feet and will be about 55 feet 
in height at its middle. 

The regulation works consist of 7 convrete piers and 2 abutments, the latter 
securely keyed into the rock-fill dam on the south and forming part of the concrete 
dam on the north. The openings will be 8 in number, 40 feet wide, and will be fitted 
with vertically operating steel ‘Stoney’ sluice gates controlled by hand-power machi- 
nery from an operating bridge running over all. 

The elevation of the controlled water level above is 570-0, that of the sills of the 
regulation gates will be 450-0, which will allow, at full opening, a discharge of 100,000 
cubic feet per second, or 120 per cent in excess over regulated maximum discharge as 
estimated, with control of the different basins throughout the watershed of the upper 
river. The maximum regulated discharge of the river is estimated to be not more 
than 45,000 cubic feet per second, and to pass this flow the gates would be raised above 
their sills by 6-5 feet. 

The gates are formed by horizontal built up steel girders with a 2-inch steel skin 
on the up-stream face, and resting against nests of rollers running in vertical checks 
in the piers. The sills running across each sluiceway, taking the toe of the gate and 
the track bearings of the rollers, will also be of steel members firmly imbedded in the 
concrete; the gates will be sufficiently counterweighted to permit of easy operation. 

A highway crossing over the piers is provided by means of a plate girder bridge 
20 feet wide, running from pier to pier below the gates, and 6 feet above the raised 
water surface; the crest of the rock-filled dam will be sufficiently wide tc continue 
the crossing on that side of the regulation works, and the concrete dam to the north 
will be buttressed, so as to carry the girders for a continuation of the bridge thereon. 

The foundation of the regulation works and the concrete dam on the north side 
will be entirely on solid rock which isesome distance below the sill elevation; or level 
of the sluice floors, thereby requiring a built up concrete foundation throughout. 

The slope of the rock surface here is gradual and with the river, and is such that, 
with the full opening between the piers, the water would pass rapidly to the lower 
pool 10 feet below the sluice floors. The rock and earth-fill dam blocking the entrance 
to the sny around the Rocher Capitaine island is of the same nature as the main dam 
in the river and completes the regulation works at this point. 

There is no question with regard to the stability of the rock and earth-fill type 
of dam, but rather with regard to its being made sufficiently water-tight, to serve 
the intended purpose, particularly in this case and that of the Deux Riviéres above, 
where the mid-section height is considerable. With reasonable care in the construc- 
tion of the mattress and the selection and laying of the staunching material to the 
slope shown on the up-stream face, the leakage through them would be so small as to 
be inappreciable in the regulation, of so large a discharge as even the minimum flow 
of the Ottawa river. Numerous examples of the rock and earth-fill type of dam could 
be given, where their purpose has been admirably served. 

The piers and abutments of the regulation proper are designed for the full head 
on the gates with a factor of safety of 23 which is ample under the conditions. 

The total estimate for dams and regulation at this point approximates one half 
million dollars. 


DEUX RIVIERES. 


The river flow at Deux Riviéres, 13 miles above, is identical with that at the 
Rocher Capitaine; the same figures will, therefore, apply. The dam and controlling 
works ‘at this point were forced by the absence of rock elsewhere, at sites that would 
probably have been superior from the standpoint of regulation. 

The dam will extend from the lower walls of the lock on the south side of the 
river to a bold rocky point on the north, at the foot of the lower or Deux Riviéres 
rapid. 
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The main dam in the body of the river will be a rock and earth-fill similar to that 
at the Rocher Capitaine, and joining it with the lower walls of the lock on the south 
side will be the location for the regulation of the pool above. 

The regulation here will be similar to that at the Rocher Capitaine, but on 
account of the limited space available for those works, the number of gates are 
limited to five. They will, however, control a head of 30 feet, instead of 20 feet as 
at the Rocher Capitaine, and thereby obtain, with full opening, the excess discharge 
required of 100,000 cubic feet per second. To pass the regulated discharge of 45,000 
cubie feet per second, the gates will be raised 8-5 feet above their sills. 

The foundations of the regulating works will be entirely on rock, and will require 
to be slightly built up above the rock surface to obtain the sill elevation, or floors of 
the sluices. 

The rock here also slopes with the river and its surface below the gates falls 
rapidly, thereby allowing free discharge without back water, the floor of the sluices 
being at the same elevation as that of the pool below. 

The design is worked out to the same stability as the Rocher Capitaine sluices, 
but no crossing is provided, there being no communication whatever between the 
north and the south shores. 

It may be well to state here that the regulation works of the Ottawa river at the 
Rocher Capitaine, and at Deux Rivieres could be constructed without difficulty dur- 
ing the present low stages of the river, and without the necessity of coffer-dams. The 
rock-fills of both localities could be conveniently placed by means of cables from 
shore to shore over the site, sufficient material for all purposes being found nearby. 

The cost of dams and regulation here will approach $450,000. 


MATTAWA RIVER. 


The flood discharge of the Mattawa river from the Summit down is comparatively 
small when considered as a matter of regulation, it being less than 3,000 cubic feet 
per second, and the minimum flow of the river in its present stage would prove insufti- 
cient for canal purposes. 

The former condition will permit of the regulation of the different pools therein 
by overflow dams without, as above stated, excessive depth at any stage flowing over 
crest; and the latter is raised to a sufficient volume by the proposed treatment ‘of the 
summit watershed and the control of the headwaters of the Amable du Fond river, 
with its diversion, if necessary, into the Summit lakes. 


MATTAWA. 


The first pool above the head reach of the Ottawa river will be held and regu- 
lated by an overflow dam spanning the Mattawa river a short distance above its 
mouth. The dam will. have a vertical face and stepped back, will be of concrete 
throughout, and built of first and second-class concrete, the latter comprising the 
filling or core. 

The upper pool will be held at elev. 510-0, 10 feet over that of the pool below. 
The length of the dam will be 930 feet, and will have a depth on crest of 0-55 feet 
at the regulated discharge of 1,280 cubic feet per second, and 1-5 feet for a possible 
excess of 100 per cent over its present maximum discharge. — 

The foundation of this dam will probably rest on firmly cemented boulder 
material, the borings in this vicinity failing to reach rock surface. The head, how- 
ever, is small and there should be no difficulty in securing the foundation against 
leakage. : 

It will require to be built within a coffer-dam, and is estimated to cost $171,000. 


PLAIN CHANT. 


The next pool above will stand at elev. 540, or 80 feet over that controlled by the 
Mattawa dam. 
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A solid conerete dam spanning the river immediately below what is now the 
Plain Chant chute, from the upper head walls of the lock on the west side to a very 
precipitous side hill on the east, will effect this purpose. Its crest acting as a spill- 
way will afford the required regulation. In section the design is of the ogee curve 
type, and is of sufficient area and weight to show a factor of safety of 24 against 
overturn or sliding under flood pressure. This dam will be built of concrete through- 
out, of first-class and second-class, the main bulk of material being the latter and 
forming the interior, with the shell or facing of richer mixture. 

It will have a crest length of 1,373 feet, on which the depth of water will stand 
-43 feet during the regulated discharge and 1-2 in the event of 100 per cent excess 
ever the present maximum discharge. 

_ The borings over this dam site proved most difficult, on account of the size and 
compactness of the boulder material forming the surface. Rock was disclosed, how- 
ever, on the west shore from the river edge to above what would be the flood contour, 
and on the east side rock was only disclosed some distance up the slope. This 
would lead to the belief that solid rock in the bed of the river may be found at no 
great depth. _ 

The foundation within the confines of the river will require to be excavated and 
built within a coffer-dam, the remainder, however, will offer no difficulty in construc- 
tion. 
The material for construction, both sand and rock, can be obtained in the imme- 
diate vicinity. | | 

The estimated cost of this dam approximates $266,000. 


LES EPINES. 


The next regulation above will be obtained by a solid concrete overflow dam of 
the same design as the Plain Chant dam, and spanning the river between LaRose and 
Les Epines rapids, a short distance below the mouth of the Amable du Fond river, and 
will raise the pool above to elevation 557-0 or 17 feet over that of the pool below. Its 
crest length will be 475 feet, which will allow a depth flowing over it of °87 feet, for 
the regulated, and 2°39 feet for the 100 per cent excess maximum discharge, both 
being of the same volume as those mentioned for the two dams below. 

The same difficulty in construction of foundation applies here as at the dam 
below, rock being found above the shore lines on each side, but not in the river nor 
immediately above the shore, necessitating unwatering to construct the river portion. 

The estimated cost of this dam approximates $190,000. 


AMABLE DU FOND. 


The regulation of the outflow of the Amable du Fond river is dealt with under 
the description of the Feeder canal and need not be mentioned here. 


TALON CHUTE. 


The next regulation above is that of the Summit level, which. will be effected 
by the crest elevation of the Talon chute dam thrown across the converging slopes of 
the outlet of Talon lake. This dam will be of the same type and character as the 
Plain Chant dam, angular in form, to take advantage of the topography, and 1,115 
feet in length on its crest. 

The outflow of the summit watershed will pass over this dam after the summit 
reservoir is filled, and then only durign the spring months ending sometime in June, 
unless the supply is in excess of that required to meet the demands of the Summit 
for lockage, power, leakage, &c., as detailed under the discussion of the Summit level. 
Under present conditions the maximum discharge of the summit basin is 1,490 cubic 
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feet per second and the minimum 50 cubic feet per second. The available supply of 
the summit watershed, which is about 540 cubic feet per second, or what would be 
the regulated discharge if not used as above stated, would find its outlet over this dam. 

The crest of this dam will stand at elevation 677, and its length of 1,115 feet will 
allow, in the event of the reservoir being filled and the maximum discharge passing 
over the dam, a depth on crest of 0°55 feet. 

Tt will have a height of 87 feet above the foundation for a short distance in the 
present bed of the river. 

The above elevation creates the storage called for, of 4 feet throughout the sum- 
mit level, or 4 feet over the 22 feet standard depth on the sills of the summit locks. 

The foundation of the Talon chute dam will be entirely within rock and, as the 
Talon chute itself, the present barrier of Talon lake—the lowest lake of the summit 
chain—can be sufficiently lowered without much difficulty, the foundation of the dam 
may be laid dry, and so insure against the possibility of leakage, which is so much 
to be desired at this point. 

No other regulation obtains to the summit level estimated to effect the control; 
a pair of ‘Stoney’ gates, feeding the basin between the upper and lower Paresseux 
flights of locks, will pass an amount of water included in the summit drainage, under 
‘ Amount required for lockage and power,’ and so enters into summit discharge that 
would flow out over the Talon dam, when not required to supply the basin. 

It may be mentioned that the ’ Stoney’ gates, together with the lock valves of 
the Paresseux flights and the North Bay lock would serve the purpose of draining 
the summit reach, to the grade of the upper sills of the summit locks, elevation 651°0, 
and also the basin between the Paresseux flights to its grade elevation 595:0, should 
repairs be necessary to those structures or the approaches leading to them. 


LAKE NIPISSING REGULATION. 


The Lake Nipissing level will be controlled at elevation 648-0, about 6 feet above 
its present surface, by a concrete sluice dam fitted with ‘Stoney’ gates, at the head 
of Big Chaudiére rapid, the main outlet of the Lake Nipissing watershed. The length 
of the dam from shore to shore will be 275 feet, and the openings will be 40 feet wide, 
with a depth over the sills of 20 feet at the regulated level. 

The location for this dam is an excellent one, the side walls and bed of the river 
being entirely of rock and taking the nature of a gorge, while the depth is not so great 
as to make it difficult to place the foundation. 

Excavation will be necessary in the bed of the river from shore to shore, 8 feet 
deep and 45 feet wide, in which to place the foundation to the floor of the sluices, 
at elevation 628, from which will rise the piers and abutments of the regulation proper. 

The sluices, gates, and operating mechanism will be identical in size with those 
at the Rocher Capitaine on the Ottawa river; no highway crossing, however, is neces- 
sary. 

The bed of the river below the sluices falls rapidly in the direction of the flow, 
which will allow the discharge to pass freely to the lower pool 24 feet below. 

The maximum discharge of the Lake Nipissing watershed is 13,390 cubic feet 
per second, to pass which all three gates would be raised to 5-2 feet above the floor 
sills. At full openings the three sluices will discharge 35,736 cubic feet per second 
or about 160 per cent in excess of the estimated maximum discharge. 

The construction of the foundation to receive the above-mentioned piers and 
abutments will require to be enclosed within a coffer-dam which, when unwatered, will 
permit them to be built dry, and the gates seated. 

Three other outlets of the Nipissing level at the Little Chaudiére, while too small 
to be considered with regard to the placing of regulation works therein, are yet large 
enough, with a very small amount of excavation in rock, to pass the minimum dis- 
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charge, duing the construction of the Chaudiére dam. They will, however, eventually 
be blocked by small concrete dams. 
The estimated cost of dams and regulation for this level is $81,000. 


FIVE MILE. 


The pool below, known as the Five-mile rapids reach, will be raised by dams to 
elevation 624, or 22 feet above its present surface, and controlled at this elevation by 
2 sets of concrete sluiceways fitted with stop-logs. 

One set of three sluices will adjoin the Five-mile rapid lock on the south, block- 
ing a natural gulley there, which parallels the projected centre line of canal, and is 
dry at the present low water level. 

The other set of sluices, four in number, will be placed in a dam which will block 
the north branch of the French river about 7 miles below the point where the river 
divides into two parts above the Little Pine rapids. 

The sluiceways in both dams will be 20 feet in width, with their floors at elevation 
609, 15 feet below the upper regulated level. They will be closed by timber stop-logs, 
18 in. x 18 in., which will be raised or seated by a travelling hoist running on a bridge 
over the whole structure, and operating two vertical rods which are in turn connected 
at each end of each stop-log. 

Both branches of the upper French river give a maximum discharge of 14,876 
feet, per second, to pass which will require a depth of 10°1 feet on the stop-logs of all 
sluices; with all the logs removed the sluices would discharge 27,076 cubic feet per 
second, with the same head of 15 feet, giving a 100 per cent excess capacity over the 
maximum discharge. 

The concrete sluiceway across the gulley to the south of the Five-mile lock will 
consist of 2 piers and 2 abutments forming the 8 openings. It will be entirely within 
rock foundation, 115 feet long and 40 feet wide at the floor level; the average depth 
of excavation to seat this dam will be about 12 feet over the above area. 

The surface of the gulley below the sluices falls very abruptly and will permit 
the discharge to pass rapidly to the next level 24 feet below. 

The dam across the main French, at the place above mentioned, will be in two 
parts. 

A concrete dam, with 4 sluiceways contained between 3 piers and 2 abutments 
of the same dimensions and elevations as those just described, will close the main 
river. It will be 190 feet in length and rest almost entirely within rock founda- 
tion. The floor elevation of 8 of the sluiceways, being about 5 feet above the bed of 
the river, will require a mass concrete footing to be built up to that level for a distance 
of 75 feet in length of dam, and of full width of the floor in the direction of the flow. 
This may be laid within forms under water to the floor line which is but 4 feet below 
the present surface, when the forming may be unwatered and the piers and abutments 
built dry. 

A timber dam 180 feet in length, and averaging 4 feet in height will close a 
depression on the north from the concrete dam to the flood contour on that side. 

The main dam which will raise the Five-mile reach to elevation 624 is thrown 
across the Main French river at the Little Parisian rapid, immediately to the north 
of the lock. 

The site is admirable for the purpose, the side hills of rock being very precipitous 
and confining the river there to a narrow strip of about 80 feet. 

This dam will be of the rock and earth-fill type already described; its height in 
the river section will be 65 feet and its crest length 550 feet. 

Materials for construction of these dams and regulations are found nearby. The 
total cost being estimated at $70,000. 


PICKEREL AND FRENCH RIVER. 


The Pickerel river, the last of the chain, will be maintained and regulated by 4 
concrete dams placed in the four present outlets of the French river into Georgian bay. 
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The dams will raise the present surface of the river, below the Horseshoe falls of 
the Pickerel river and the Recollet falls of the French river, by 14 feet, and above 
those two points through to the Five Mile lock by about 6 feet. They will afford a 
total crest length, available for spillway, of 2,200 feet, and, with the crests standing 
at elevation 598-91, will pass the maximum discharge of 21,150 cubic feet per second, 
with an overflow depth of 2-03 feet. The above crest elevation forces the adopted 
elevation of 600-0 for the reach at the minimum flow. 

These dams will be of the ogee curve section, and be constructed of first and 
second class concrete in the same manner as that described for the Plain Chant dam 
of the Mattawa river. 

The French river outlets were gauged separately to obtain the discharge of this 
reach, making it unnecessary to investigate the hydraulics of the Whanipitae river 
and other streams flowing into it, an account of which will be found in the report of 
the Hydraulic staff. _ 

These outlets are the Eastern, about two miles above Ox lake on the Pickerel 
river; Bass channel, a spur from the main outlet ; Middle channel, at the Dalles 
rapids, close above French river village, on the line of the projected location; and 
Bad river, or the Western outlet, some three and one-half miles to the west. 

The Eastern outlet, which is dry during the minimum flow, offers an excellent 
dam site close to the Pickere] river, which has the double advantage of affording an 
exceptional crest length and comparatively small height. The outlet is here broken 
into several channels by intervening rock ridges within the confines of the side hills. 
This will break the dam into four parts, in lengths of 585, 149, 70 and 140 feet, per- 
mitting a total crest length of the several spillways of .874 feet. The dam will have 
a height of about 20 feet for a distance of about 50 feet, and the remainder will 
average not more than 10 feet in height; it will rest entirely within rock and can be 
constructed without the difficulty of unwatering the seat. Cost estimated at $19,000. 

Bass channel will be dammed a short distance below Bend Point of the Middle 
outlet. The dam will be about 525 feet long, with a spillway of 486 feet. Its great- 
est height for a short distance in the middle of the river will be about 54 feet. To 
obtain the required footing in the main bed of the river will necessitate unwatering 
of an area of 110 feet in line of dam by 40 feet width, the present depth being about 
32 feet; the remaining length of dam can be constructed dry without difficulty. Rock 
only is in evidence over the entire site. Its cost will be $58,000. 


Bad river will be blocked by a single dam thrown across the river seven miles 
below the entrance to the Middle outlet at the foot of Ox lake. It will have a length 
over all of 520 feet, a length on crest of 480 feet and a height of 65 feet, for about 25 
feet at its middle part; the rest of the dam will average 30 feet in depth and its seat 
will be entirely within rock. | 

To place the footing of this dam below the lowest level to which the water may 
be lowered may prove difficult, as the flow here is by far the greatest of any of the 
outlets of the French and Pickerel rivers, being over 15,000 cubic feet per second 
during maximum flow, and over 6,000 cubie feet per second during minimum flow. 
The minimum flow is 14 times greater than the maximum flow at the Dalles, the 
largest of the remaining three outlets. Under the conditions presented, it is probable 
that the Bad river dam would be the first undertaken in the regulation of this level. 


The problem of unwatering would, in that case, be made easier by so deepening 
the other outlets as to draw down the reach during the period of low water, and 
thereby permit the placing of the foundation and the lower part of the dam dry 
within a coffer-dam; the depth of water over the footing, about 30 feet for a length 
of 50 feet, would not prevent thig being done. The construction of the upper por- 
tion of the dam could be proceeded with, also dry, simultaneously with the other dams 
of this reach, the Eastern outlet and the Bass channel. The cost of Bad river dam 
will approximate $67,500. 
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The dam blocking the Middle or main outlet will extend from the walls of the 
Dalles lock to the raised water surface contour on either side. The portion to the 
west of the lock forms the spillway and is of the ogee curve section before described. 
It will have a crest length of 348 feet, and carry a highway crossing to that shore 
by concrete piers rising from the dam supporting arches of the same material. The 
portion joining the upper walls of the lock to the east shore is designed to completely 
block the river on that side, thereby permitting of the filling below it between the 
lock and the shore. It will have a stepped back and carry an arched highway on 
buttresses to the head walls of the lock from the shore on that side; they will aver- 
age 20 feet in height. 

Both the above dams will have foundations within solid granite rock—as will the 
lock of which they form a part—and are estimated to be built entirely dry by means 
of a temporary dam below the lock, and another at the head of the Dalles rapids above 
where the outlet converges to a narow stream; the enclosed basin being unwatered 
for that purpose. 

The Dalles dams alone are estimated to cost $7,000. 

The cost of unwatering is included in the estimated cost of the lock structure. 

A small dam built dry and blocking a sny to the east of Tramway Point would 
be necessary to check what would otherwise be an outflow; its cost would be $8,000. 

In regard to the dams at the Bass outlet and Bad river it is a question if they 
could not be more economically constructed as rock and earth-fills, with a stop-log 
regulation of sufficient size to take the whole outflow of this reach; should this be the 
final outcome, their cost would be within that estimated for the designed structures at 
those places. Both localities lend themselves naturally to this form of structure 
and the materials necessary are within easy reach. It was, however, deemed sufficient 
for this estimate to design the control on the lines given; the cost would cover either 
system. 

The salient features of the regulation, with regard to the different pools of the 
Nipissing district, are set forth in the following tables which detail the nature and 
extent of the designed control. 

The flow passing the crest of the overflow dams, the stop-log weirs, and the weirs 
controlled by ‘Stoney’ gates when full open, were estimated from the ‘ Francis’ for- 
mula Q=M. b. h% with the value of M from the Cornell University, U.S.D.W. and 
U.S. Geological Survey experiments, and the flow under the ‘ Stoney’ gates, when not 


full open, by the formula Q=—c. a. b. \/2gh with the value of c taken at 0-602. 


WASTE WEIRS THROUGH DAMS. 


In the case of the Ottawa river dams at the Rocher Capitaine and the Deux 
Riviéres rapids, a conduit through the body of the main dam, at its bed elevation, 
does not seem to be warranted, for the reason that no necessity would be served by 
draining the contained reach lower than the upper approach grade to the adjoining 
locks. The regulating sluices, when open full, together with the operating sluices 
of the adjoining lock, will accomplish this when aided by the watershed regulation 
during the minimum flow. 

Moreover, such waste gates will serve to lessen, if opened, the most desirable silt- 
ing up, or continued staunching of the up-stream face against leakage. 

Drainage culverts through the concrete crest overflow dams at the bed river grade, 
and for the purpose of lowering the reach above to grade, were considered unneces- 
sary in the design of these dams, consequent to this estimate, for the reason that 
drainage through the lock sluices would serve that purpose admirably well during 
the period of minimum flow for all conditions of natural repair. 

The lower reach of the French river could not be lowered in this manner, the 
volume of discharge being too great; it is not supposed, however, that this reach would 
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ever require to be lowered, as repairs to the Dalles lock, which is the step to the 
Huron level below, would necessitate the guard gates being closed and the lock pumped 
out. 

An alluvial deposit against the up-stream face of the dams, that would be due 
to the absence of drainage sluices through them, may be unexpected, for the reason 
that these rivers carry little or no material in suspension, a condition due to the 
nature of their watersheds. 

The dams are designed to withstand pressure due to saturated material in order 
that there may be no question as to their stability against ultimate pressure. 
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LOCKS. 


Eight single locks and three flights of two locks each will connect the different 
pools of the Nipissing district, effecting in all eleven changes of level whose range 
will be from 10 to 60 feet. 


The dimensions adopted for the lock chamber are uniform for all locks, and are 


such as to permit the passage of the largest freight vessels built and building on the 
Great Lakes. 


The chamber will have a length between inside quoins of 650 feet, a width 
between plumb walls of 65 feet, and a governing depth of water on the entrance 
floors leading thereto of 22 feet. This allows a usable length between the inside 
gates of 650 feet, and by the use of the lower auxiliary gates, below the lower main 
gates, an additional length of 54 feet may be obtained. 


All the locks of the Nipissing district are designed to be built of concrete 
throughout, the only masonry entering into their construction being the hollow 
quoins and pivot stones which receive the thrust and weight of the gates; these will 
- be of dressed granite bonded into the concrete of the recess walls. 


What method should be adopted for the filling and emptying of the lock chamber 
brought into consideration many systems now in use; these may be classed as: opera- 
tion by controlling valves in the gates, by culverts in lock walls having lateral open- 
ings into the chamber, by culverts under the lock floor having openings up into the 
chamber, or by raceways parallel to the canal prism and connected with the lock 
chamber by side culverts, the raceways receiving their supply from the discharging 
into the canal prism above and below the lock approaches respectively. 


The first three are inexpensive as against the fourth on account of the additional 
excavation required for it, but the argument is well advanced that, if the water 
requisite for lockage is taken from above, and discharged below the approaches to 
the lock, instead of immediately above and below the lock, it will do away with dis- 
turbing currents within the limits of the approach. 


The canal reach above the present locks at the ‘Soo’ Michigan, is cited in sup- 
port of the above. The current caused by drawing from it water to supply both 
locks simultaneously forces a velocity of two feet per second at its narrowest part, 
and causes a maximum variation of the water surface immediately above the locks 
of about 13 feet or more. 


This condition is due to the restricted part of the upper entrance to the ‘Soo’ 
locks, or at the guard-gates, which are some 2,700 feet above the locks. Here the 
canal is 108 feet in width, with about 20 feet in depth on the guard sill, or about the 
same depth as that on the upper sills of the Poe lock. 


In consideration of any of the first three propositions mentioned above, the 
supply of water for lockage would come from the prism immediately above the lock, 
and it would seem from a study of the approaches to the Georgian Bay locks as. 
designed, in comparison to the upper entrance to the ‘Soo’ locks, that drawing the 
supply from immediately above the lock instead of from the ends of the approaches, 
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could not materially affect the handling of boats within those approaches for the 
following reasons :— 


Prate C. 


A-B. Mean Section of Approach 


The mean section of approach 200 feet above and below the lock A-B on plan is 
in no case less than 2,175 square feet, the rate of flow past this mean section for 
the operation of a lock of 30-foot lift in 8 minutes would be 0-9 feet per second, with 
the area of section of approach increasing above and below the mean section. 

The minimum section at the old guard gates in the upper ‘Soo,’ Ste. 
Marie canal, is about 2,160 square feet, the basin below increasing yn section area 
to the locks, and were both locks filled together in a like time of 8 minutes there 
would require a velocity of two feet per second at the gate section above to supply 
this demand. 

The latter is not exactly the condition which obtains in the basin above when 
both ‘Soo’ locks are filled simultaneously. The volume drawn from the basin in 
the short time required to effect the change of level in the locks produces a re-current 
wave in the basin below the section, which is distressing to boats waiting in or 
passing through this part of the canal above the locks. 

Their displacement, moreover, tends to decrease the general section and so 
increase the trouble therein. Drawing their supply from immediately above for the 
operation of the Georgian Bay canal locks, and discharging immediately below them 
would not seem to create, at any locality as unfavourable a condition as that which 
now applies at the Michigan ‘ Soo.’ 

The Canadian lock at the ‘Soo,’ the longest in the world, hag approaches above 
and below which in a measure resemble the general plans of the approaches to the 
Georgian Bay locks, although the latter are not confined for so great a length. The 
operation of this lock causes no uneasiness to vessels lying in and navigating the 
approaches above and below. 

As the velocity mentioned above, 0°9 feet per second, would occur at the mean 
section above and below the lock, during a short instant of time, say on the assunip- 
tion of one lockage per hour, it would seem to favour the drawing of the water supply 
for lockage from the reach immediately above and discharge into the reach imme- 
diately below the lock. 

In considering any system of filling or emptying the chamber, economy of con- 
struction, stability, ease and simplicity of operation are the governing features. 

Operating the lock by means of valves in the gate leaves has the advantage of 
ease of operation, but on the other hand requires gates of exceptional strength and 
design to frame them; they create moreover disturbing currents within the chamber 
during operation. 

In general practice, the operation of the lock is accomplished by means of wall- 
culverts, or by floor culverts controlled by valves of different design drawing their 
supply from a well immediately above the upper gates. 

In considering the necessary area to operate the lock in 8 minutes, and taking. 
the coefficient at 0°6 for orifices with square edges, we have :— 


DON Peo) sq. feet. 
et \/2g 


a= 
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With one culvert through each side wall—lateral discharge into chamber—would 
give 100 square feet for each. 

Increasing the time of lock operation to 10 minutes would give a value for ‘a’ 
in above of 160 square feet, or 80 square feet, for each culvert through side walls. 

In comparing the above with the adopted standard for a 30-foot lift lock of the 
United States Deep Waterways,* we find that in the latter the required time of lock 
operation is 11-8 minutes by culverts of 94-5 square feet area through each wall; 
these locks being 740 feet between quoins by 80 feet in the chamber, or 16,950 square 
feet, more area than the Georgian Bay canal locks. 

Taking side wall culverts of the same area as those adopted by the United States 
Deep Waterways locks—13°5 ft. x 7 ft—would give a time value for the operation of 
a lock of 30-foot lift of 8 minutes 28 seconds. 

Any increase in time of lock operation over 8 minutes decréases the velocity at 
the mean section of approach mentioned above, which is as previously shown for the 
above time, not of a serious nature. 

Wall culverts necessitate very particular design of the main walls for the valve 
accommodation, &c., and the carried strains entailed thereby, and require greater base 
width than a solid wall; and if the culvert area is less than 13-5 feet by 7 feet, the 
time of lock operation would be correspondingly greater than 8 minutes 28 seconds. 

Floor culverts drawing their supply from a well immediately above the lift wall, 
and discharging under the lower gates are designed without trouble for the total 
culvert area of 200 square feet necessary to operate the lock in 8 minutes and as shown 
on the general plan of the single locks. 

This system requires excavation for trench to seat the culverts below the eleva- 
tion of the lower sill and throughout the chamber, and a system of flooring with 
vertical openings connecting chamber and culverts in a manner similar to that at 
present in use in many locks. 


STANDARD SINGLE LOCKS. 


With the exception of the Dalles lock at the Georgian Bay level, the location of 
all single locks throughout the district will be within rock excavation; the surface 
of the rock being in all cases at a considerable distance above the elevation of the 
floor of the chamber. In order to take advantage of this condition as far as possible 
in securing the least excavation to seat the side walls of the structure, the single locks 
were designed for operation by culverts under the chamber floor. 

This allows a large proportion of the side walls, from the floor level to the rock 
surface above, to be of a small uniform thickness, say 6 or 8 feet; the rock side walls 
of the lock pit excavation, with this concrete veneer as it were, forming much of what 
would be the side walls of the chamber were those walls seated at grade. This will 
prove a considerable economy in many cases as the single lock structure will have a 
length of 896 feet over all. 

Concrete cut-off walls will join the approach walls of the lock above and below 
with the adjacent limit of excavation to prevent undue saturation of the backing. 

The face of the side walls of the lock are plumb throughout, except at the coping, 
where they are set back 1 foot on a batter above the water surface to prevent fracture. 
The coping width of the approach walls above and below is 10 feet, the width of the 
chamber wall 6 feet. The back of these walls, below the frost batter will be stepped 
to the economical section consistent with existing strains and the adopted factors of 
safety; the width of base above the uniform section lining the lockpit excavation 
depending upon the elevation of the rock surface. 

Stairways in reinforced concrete join the lower walls of the lock on both sides; 
snub hooks in the face of the chamber wall, midway on the lift, will facilitate lockage, 
and ladders within the gate recesses will give access to the chamber from the coping. 

The factor of safety against overturn by the backing, approaches 3-0, that against 
sliding 2-5 with a co-efficient of friction of 0-6. 

* Report of the U. S. Board of Engineers on Deep Waterways, 1900. 


176 DEPARTMENT OF PUBLIC WORKS 
8-9 EDWARD VII., A. 1909 


The recess walls are of uniform rectangular section; at the upper gates they are 
24 feet in width by 22 in height or more, dependent upon the elevation of the rock 
surface. 

At the lower gates they are 29 feet in width by a height from sill to coping vary- 
ing with the lift. They are calculated, with the backing, to withstand the hydro- 
static pressure plus the gate thrust, with the same factors of safety. 

Tn no case does the resultant line of pressure fall without the middle third of 
the base; compression in the walls will not exceed 10 tons to the square foot, and 
tension is eliminated. 

The weight of concrete in the calculations was taken at 140 pounds and the back- 
ing at 110 pounds to the cubic foot. 

A graphie comparison may be made here of the side walls of the Nipissing dis- 
trict locks with those of the ‘Soo’ locks, Canadian and American, all inclosing a 
chamber designed to accommodate vessels of like size. The cost per cubic yard of 
the Georgian Bay locks as designed would be less than one-third that of their proto- 
types at the ‘ Soo.’ 


Puate D. 


Scale of Feet 
Ss Ps ite} \ 


Ss 


CANADIAN LOCK SAULT. STE.MARIE 
te Se POE o o Pry oy 
wee PROPOSED GEORGIAN BAY SHIP CANAL 


The lift wall which spans the lock at the upper end of the chamber will have a 
thickness on centre line of lock of 20 feet, and a height above the chamber floor the 
same as the lift. It will carry the sills of the upper main gates with its coping at 
the same elevation as that of the upper reach; its lower face will form a circular 
arch of 49 feet radius. 

Above the lift wall and below the breast wall will be situated the intake well 
from which the operating culverts will draw their supply. This well will extend the 
full width of lock by 28 feet in length at its floor level, the bottom of the well being 
four feet below the floor of the culverts, forming a sump. An iron grating will 
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span the intake well above the level of the roof of the entrance culverts to prevent 
debris of large size from fouling the valves or entering the culverts. 

The breast wal] carries the sills of the upper guard gates, 54 feet above the upper 
main gates; its face in the well will be sloped and form an arch to the same radius 
as the lift wall. 

The sills of the lower main and auxiliary gates are 54 feet apart in line of lock, 
with those of the lower guard gates 40 feet below the latter, Their sills are set six 
inches below the elevation of their adjacent floor for protection and are formed of 
18-inch by 18-inch oak timber securely bolted to ‘I’ beams placed well below them 
in the concrete. 

The entrance floors of the lock above and below will be level and stand at the 
same elevation as the grade of the reach they terminate. 

The floor of the chamber is an inverted arch of 265 feet radius, the springing 
line being at the same elevation as the lower reach, or lower floor, with the inverted 
apex 2 feet below. This allows 4 feet excess draft in the chamber, much to be desired 
by vessels of the maximum cross-section for the project as designed, to pass into and 
out of the lock when at its lowest level. 

The lock floor will have a thickness of one foot in the middle, reinforced, and 
increasing withal towards the sides, and is designed to be sufficiently strong, treated 
as an arch, to withstand double the upward thrust from the culverts below with 
the full head. 

The culverts by which the chamber of the single lock will be filled and emptied: 
during the process of locking, with the exception of the Dalles lock before men- 
tioned, will be four in number, situated under the lock floor and parallel to it. They 
will extend from the intake well above the lift wall at the upper main gates to a dis- 
charge well below the lower auxiliary, and above the lower guard gates. They are 
rectangular in section and separated from each other throughout by solid concrete 
walls, two feet or more in thickness.. Their size will vary with the lift of the lock, 
as their combined area is calculated to effect the change of level in the chamber in 
about eight minutes. Circular openings from the culverts through the lock floor 
give the requisite connection with the chamber ; these will have a diameter of 23 
feet, spaced about 30 feet apart, and extend from the lift wall to the recess of the 
lower main gates. Their total area will have an excess of 100 per cent over the total 
culvert area. 

The floor of the culverts for a sufficient distance in length of chamber below the 
lift wall, dependent upon the material in excavation, are designed of sufficient 
strength, treated as a beam, to withstand the full head engendered by the unwater- 
ing of the lock for repairs; or when laying the lock dry to the elevation of the culvert 
floors. 

The culverts will be controlled at either end by Butterfly valves turning on verti- 
eal shafts, or by roller-bearing valves on tracks sliding horizontally, operated in 
pairs, and opened or closed by horizontal and vertical connecting rods passing through 
alley and well, under and up through the lock walls, to the coping; the changes of 
direction being effected by rocker arms. 

An electrically driven worm-gear actuating the vertical rod at the coping level 
will supply the power, the motor, train and gear being housed over the well contain- 
ing the vertical rod 25 feet back from face of wall. The valves may be independently 
operated by hand if necessary. 

The valves of the North Bay lock which is of the same standard type, are designed 
on the roller-bearing type—the ‘ Coffin ’ valve—sliding to a wedged seat all around 
thereby insuring a tight joint at each valve ; no undue leakage around the operating 
valves controlling the summit level being paramount. 

The valves in all single locks will be of simple design, built up of steel members 
and steel sheeted on all sides. They will rest against vertical frames of the same 
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construction which carry the bearings and are securely bolted into the concrete of 
the roof, walls, and floor of the culvert. 

The areas of the culverts just below the entrance valves and above the discharge 
valves, increase to slightly larger size so that when the valves are open the total area 
of entrance and discharge will be the same as that of the total culvert area under the 
lock floor. : 

It will be noticed that in the submitted design for single locks the lower valves 
controlling the outflow of the chamber are below the lower auxiliary gates, and also 
that the lock discharges through the floor culverts instead of through a well above 
the lower main gates, the design common to all three of the present ship locks at 
the ‘ Soo.’ 

The use of the well to take care of the discharge from the chamber is akin to 
the old system of discharging by valves through the gates themselves, and portends 
to an undesirable current. This creates a strong tendency to movement in the direction 
of the lower gates by boats locking down, requiring them to be very securely held 
by their cables to the wall bollards, to prevent their surging in that direction—per- 
haps disastrously to the lower lock gates, were the lower valves opened wide to the 
full head. 

With the system designed there would be no current in the chamber consequent 
upon lockage, the volume of discharge would pass through the floor to the operat- 
ing culverts beneath and out through their discharge well below the lower auxiliary 
‘gates. 
The lock will be fitted with 5 pairs of steel gates, upper guard, upper main, lower 
main, lower auxiliary, and lower guard. The upper main gates and the guard gates 
above and below will be of the same size for all locks—874 feet long by 24 feet high. . 
The leaves of the lower main and lower auxiliary pairs are similar in all dimensions 
with regard to each other, their width will also be 374 feet and their height will vary 
with the lift. 

The gates will be built up of horizontal steel members and steel sheeted on the 
up-stream side; oak miter and heel posts throughout their height being firmly fitted 
thereto. They will rest upon pivot-bearings under the heel post and be held to their 
seat along the quoin by an adjustable collar at the top of the heel post immediately 
below the coping level which in turn is attached to an anchorage let into the concrete; 
they will swing through an arc of about 68 degrees. 

The gate recesses are 39 feet long and 5 feet in depth of wall, tapering at each 
end, and are so arranged that when the gates are open their lower face will rest 
entirely within the line of wall. 

These gates were designed and estimated for by Mr. Henry Goldmark, C.E., of 
Montreal, and a detailed description of them will be found in Appendix C. 

They will be operated by ‘I’ beams, attached to the top of the gate about two- 
thirds out from the quoins, which move in and out of recesses checked in the coping 
to receive them as the gates open and close. 

The beams are actuated by rack and pinion—the rack bolted to the web of the 
beam—electrically-driven through train gear; the motors and machinery being con- 
tained below the coping level. Like the valves they can be independenty operated by 
hand, if necessary. 


LOCKS WITH RIVER WALLS. 


The north wall of the Deux Riviéres lock and the walls of the Dalles lock are 
of stronger and different design than that followed for the walls of the other single 
locks. The former will be subjected to the full head of the upper pool on the river 
side besides stone backing laid to a pitched slope some distance behind it. The west 
wall of the Dalles lock will have no backing and the east wall will have to bear press- 
ure of saturated material when the lock is unwatered. 
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NIPISSING DISTRICT. 
Single Locks. 
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: Water Floor Depth Height of | Elev. 
Location. | Surface Lift. on Chamber 
Elevations. Elevations. Floor. Wall. Coping. 
Upper. Lower.|Upper. Lower. Upper. Lower. 

Dalles.. be S, 5 Mes yes at RG 600 580 578 556 20+ 22 24 48 604 
Five Pens tos © oe haley cee 624 600 602 578 24 22 22 50 628 
Chandieress aces. sed... ieee 648 624 626 602 | 24 nO ier (52D 50 652 
Trout Lake RMistrcueel s Muielsper tere ee 677 648 651 626 29 26 22 55 681 
Les Homes. Vl Mae Le ee 557 540 535 518 17 22 22 43 561 
OW C DRT 6 ie Sea a Nice e 540 510 518 488 30 22 22 56 544 
Mattawa 3 Eada en naa vee gietarrn he era cad 510 500 488 478 10 22 26* 36 514 
Dower ivieres cesses a cured sre. 500 470 478 448 30 22 22 56 504 


Lower Approach Wall, Elevation 568 
\ -Possible Flood Level = 
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LOCKS IN FLIGHT. 


Locks in flight occur at three places in the Nipissing district, one at the Rocher 
Capitaine and the other two in the divide separating Deep river of the Mattawa 
waters from Talon lake 3 miles directly above. At these localities an extreme lift is 
necessary to accomplish the most economic project of the raised water surfaces of the 
adjacent pools. Single locks would eall for too large proportions to be considered. 
Each flight sits well within excavation in solid rock for its entire length, and the 
locations are admirable for the purpose. 

The chamber dimensions are identical with those of the single locks and they may 
be described as two single locks joined together. The upper gates of the lower lock 
being the lower gates of the upper lock, in this case the intermediate gates of the 
flight. 

A departure from the operating system of the single locks is made necessary in 
regard to the locks in flight consequent upon the great head of 60 feet which will 
prevail between the upper and the lower chambers during lockage. On account of the 
excessive strains to which the lower lock floor and the controlling valves between the 
upper and lower locks will be submitted, were floor culverts employed, it was judged 
that a more conservative design with adequate control would be obtained by wall 
culverts having lateral openings into the chamber, with that control by circular cup 
valves; the efficiency of which have been proved in practice. To this end the locks 
in flight were designed substantially as shown by plate 18. The upper lock takes its - 
supply from a well above the lift wall situated similarly to those of the single locks, 
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and discharges through lateral openings circular in form, from the wall culverts into 
the upper chamber; thence (in the process of emptying the upper into the lower 
chamber) back into the upper lock culverts and down through vertical wells to the 
lower lock culverts, from which similar lateral openings to the lower chamber effect 
the change of level between the two locks. The discharge of the lower lock is accom- 
plished in a similar manner, the culverts themselves opening into a well below the lower 
auxiliary gates. 

The culvert area is 8 feet x 12 feet, or 192 square feet for both, which will effect 
the total change of level from the upper to the lower pool, or vice versa, in 14 min. 
12 sec.; all flights overcoming the same difference of level, sixty feet. The lateral 
openings have 60 per cent excess area over that of the culverts. 

The position of the operating culvert is well within the wall, being 10 feet back 
from its face. The side malls throughout are designed with the same stability as 
those of the single locks, the difference in pressure caused by the difference of head 
in the culverts, supplying an additional condition in the calculations. 

The system of operation by wall culverts demands that the concrete side walls 
be of uniform section from coping to grade of floor, and thus lose the natural ad- 
vantage in seating the structure within the solid rock where a large volume of the 
side wall could be dispensed with as in the case of the single locks. 

The Upper Paresseux flight will have a lift of 60 feet with the summit storage level 
at its highest elevation 677, and a lift of 56 feet at the lowest estimated level, eleva 
tion 6738, the depth on the floors of these 2 locks being 22 feet in the latter instance. 

The control of the wall culverts will be by vertically operating balanced cylindrical 
valves, something in the nature of an inverted tea cup, covering a vertical well which 
joins the horizontal culverts in the lock walls above and below, the difference in pres- 
sure between the two pools being ingeniously contrived to make the valves automatic 
in action. They are suspended by chains passing over sprocket wheels at the coping 
level to counter weights, the suspension shafts of which would be actuated, in the 
event of accident, to the pilot valve controlling the automatic action, through elec- 
trically driven train gear, and could also be raised and lowered by hand. The control 
of the automatic device is effected through light train gear driven by very small 
motor. 

A description of the automatic valve appears under next heading. 

Each flight will have 7 pairs of lock gates, upper guard, upper main, intermediate 
main, intermediate auxiliary, lower main, lower auxiliary, and lower guard. The 
upper main gates and the guard gates will be of the same size and design throughout 
as those of the single locks. The intermediate and lower gates will bear the some rela- 
tion to the lower gates of a single lock with 30-foot lift. Their operation will be the 
same as that described for the single locks. 


eee 


NIPISSING DISTRICT. 
Flight Locks. 


| , 
A Water Floor Height of Elev. 
Location. Surface Lift. Depth on Floor.) Chamber 

| Elevations. Elevations. Wall. Coping. 
Ue | Bp 1 Spe ec As Uae Ls | te Py ie U~. L. We by 
Upper Paresseux..... 677 617 651 623 595 30 30 26* 24* 22 58 56 | 681 651 
Lower Paresseux Pec: ee 617 557 595 565 535 30) 730 220 22 22 56 56 621 591 
Rocher Capitaine.....| 470 410 448 418 388 30 30 D2 2222 56 56 474 444 
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*To accommodate variation of storage depth in summit, 
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The size and consequent total area of the operating culverts to effect the change 
of level in the chamber in eight minutes, or as near as may be without fractional 
culvert dimensions, is dependent upon the lift, the area of the chamber being uni- 
form. 


This is obtained from the derived formula :— 


a ‘ 
— NOS for single locks, and a = see Ai for flights. 
ct 2g Nee 


Where a= total area of culverts sought, 
A =horizontal area of the chamber, 
h = lift in feet. 
{== time in seconds (480). 
c = frictional coef., 0°6. 
i pir 


Consequent data with range of time for change of the chamber level and rate 
of change is set forth in the following table. 


Sa ee a ee aS 


CULVERT 
DIMENSIONS. Rise 
Lift Number Total Elapsed or fall 
Location. in of SEES in Feet 
feet. | Culverts. | Area. Time. per 
Width. | Height. Minute. 
| 
Sq. Ft. | M. Sec. 
6 8 *96 
sai ti byes TU DA eae aad See yee semanas 60 2 8 12 F192 16 40 3°6 
IDOUKGRE VICES: 6 oct eacte ae ee 30 4 6 8 192 8 20 3°6 
Pisin? Ciranto aise eee ee eek eee 30 4 6 8 192 8 20 3°6 
INOREHSB AV 2 rice Ga ee ee pele eee 29 5 4 6 8 192 8 V2 3°95 
Whavidienres cee ies 8 ce ee 24 4 6 7°5 180 8 O 3:0 
PLES MVEIL Gs stmesraes coc cas nine a ee 24 4 6 tes) 180 8 0 3°0 
DALLES serees hoe ec a Lee ee ee 22 2 8 ee 192 if 10 sO 
Whe ay Hin essa! ces ay «iis ee, 5 Ske ee 17 oa 6 7 168 vA 8 2-4 
TAGE Waseca tes chess ae ee tee 10 4 6 6 144 6 46 i bigs 
*Between flights. ¢Through chamber walls, 


AUTOMATIC VALVES. 


The Cluett self-operating, balanced valve for the control of a vertical circular 
sluiceway when under pressure is the invention of Sanford L. Cluett, C.E., of Hoosick 
Falls, N.Y. 

The valve has been in sucessful operation for some years in controlling the 
operating sluices of the United States government locks on the improvement of the 
Big Sandy river, Kentucky, and other places. 

This valve is a modification, or rather an improvement, of the ‘ Fontaine’ valve, 
in use for many years by the French government for the control of the operating 
culverts of locks on different rivers in France, a description of which is unnecessary 
here. 

The Cluett valve is made self-operating by utilizing the difference of pressure 
due to the difference of head between the upper and lower pool, and is illustrated 
briefly by figures 1, 2 and 8. 
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See fig. 1- 


This shows the valve closed under pressure. The valve consists of four parts: The 
casing or movable part AA, the fixed part GG, the valve VV, and the valve-seat SS. As 
will be seen from this plate the pressure on the casing at the point A a, is greater on the 
outside than on the. inside, due to difference of head of the two pools. The pressure on 
the outside of casing not being allowed to enter the inside of it on account of the valve 
V closing the ports P P. The pressure on the inside of the casing due to the head 
of the lower pool being permitted to act through the port H, and the valve V, which 
leaves the ports p p open. In this condition the excess of pressure on the outside of 
the casing forces it firmly against the seat § §. It being desired to open the valve 
in order to permit the water from the upper pool to flow into the lower, the valve v v 
is raised by means of a hand-serew on the coping connected to the valve-rod r, during 
which operation the valve will be at some instant, as shown by fig. 2. 

It will now be seen that the pressure on both sides of the casing A A in the 
chamber © are the same, or that due to the upper pool for the reason that that press- 
ure is transmitted through the cylinder H to the inside of the casing C by means 
of the uncovering of the port P P; the casing A A or the movable part of the sluice- 
valve is now in a balanced condition in so far as the roof and the vertical sides are 
concerned. 

It will be seen, however, that the lower part of the casing is turned inwards, 
forming an inverted conical ring E Reeoe 

In the position at which the valve is shown by this figure the pressure on the 
outside of this ring F F is due to the difference of head between the upper and lower 
pools, while that on the inner surface f f is due to the pressure of the lower pool 
alone, which pressure is not being allowed to enter the chamber C on account of the 
closing of the ports p p by the valve v. 

The vertical component of this difference of pressure tends to raise the casing 
A A to the position shown in fig. 3. 

In the position as shown by the latter plate, and during the flow as indicated 
by arrow, the pressure inside the casing © remains the same as it is on the outside 
or that due to the upper pool alone; it being noted that the port P P is now open, 
whereas the port p p is closed, and the casing upon reaching this position is held 
there by cable or chain attached to casing A A (connected at N N) and passing over 
pulleys at the coping to suitable counter weights, the shafts of which pulleys being 
held by a friction device to prevent the valve from lowering when the upper and 
lower pools reach a common level. 

The weight of the casing submerged is slightly in excess of the counter weights, 
so that the friction being released when the pools are at a common level the casing 
drops by gravity to its original position, shown in fig. 1. 

It will be noted that during the operation the valve js in a perfectly balanced 
position regarding difference of pressure. During the flow the guide-plate G G acts 
as a director of the jet in such a manner as to prevent surging, or in other words, 
as a sort of ‘vena-contractor.’ It may be added that during the instant of opening 
and throughout the travel of the casing vertically, it is aided in that direction by 
the vertical component of the dynamic head against the inverted conical face of the 
sluice-valve, 


APPROACHES. 


The approaches to all locks are lined with heavy timber stone-filled cribwork, all 
materials for which are in the immediate locality. They are estimated of square sec- 
tion, the width of base being equal to the height, and with oak wailing for their entire 
length. 
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Boats in the approaches are supposed to follow the usual rule of the road, passing 
each other to port. To force this condition and to make the entrance to the lock on 
as direct a line as possible, the cribwork on that side will be nearly in line with the 
inside face of the chamber. In plan it will have a splay from a parallel to the centre 
line of about 1 in 12. This wall will carry snubbing posts as will the shore and bank 
on that side for a sufficient distance below the crib or berth the boats waiting for the 
lock. 

On the starboard side of vessels passing out of the lock there will be a line of 
similar cribwork 400 feet long, with a splay, in plan, of 1 in 4, which will permit boats 
leaving the lock when clear of its walls, to gain the starboard side of the canal 
quickly. See cut on page 174. 

Much inconvenience has been caused at the ‘Soo’ locks by vessels entering the 
fock at an angle to the centre line and thereby striking the lower face of one of the 
gates opened to receive them; the opinion expressed by the engineers in charge of 
those structures is that a straight approach cribwork to the lock on the starboard 
side of vessels entering it would remedy that evil, and as far as possible the approaches 
to the locks of the Nipissing district have been planned with this in view. 

In many places where approaches are necessary the depth is too great to permit 
of cribwork being seated on the natural bottom and at these places stone filling has 
been estimated for, from the bottom up to grade, the cribwork being seated thereon. 


MIDDLE GATES. 


An additional set of lock gates placed midway in the chamber, of the same size, 
and resting against sills at the same elevation as the lower main gates, has been con- 
sidered in connection with the locks as a means to further the despatch of vessels of 
smaller size locking up or down, and furthermore to conserve, in the Summit locks, 
the amount of water required for lockage. 

Regarding time saved in lockage their use does not warrant their incorporation 
in any of the lock structures, and the estimate would be largely increased thereby, 
necessitating an extra set of gates and an extra set of valves at each lock. 

A saving in water required for lockage might be expected from them if installed 
midway in the chambers of the Summit locks; the saving there would be small and 
practically non-effective, considering the total season lockage. Locks with gates of this 
nature are in use at present on the St. Lawrence system, but only to facilitate the 
passage of consorts in tow by making one lockage for all, a condition not likely to be 
met with on the projected Georgian Bay canal system where speed of delivery and 
consequent time of transit is essential. 

Freight in tow is becoming obsolete on the Great Lakes, the money invested in 
a carrier compels her to make the most trips between terminals during the open 
season. Experience has proved that a power carrier with consorts is a losing proposi- 
tion as compared with carriers with independent power on account of delay conse- 
quent upon waiting for each other to load or unload at terminals. 


UN WATERING, 


The locks of the Nipissing district are designed with a view to their being com- 
pletely unwatered, and to this end a pumping plant carrying electrically-driven cen- 
trifugal pumps built in _the lower walls of each individual lock has been estimated 
for and included in the cost of electrical equipment. The intake will be from the 
culvert discharge well below the lower auxiliary gates, and the discharge a short dis- 
tance below the guard gates. 

The controlling valves with their operating machinery below water and the lock- 
gates are such as not to require renewal or repair to any extent, as they are of simple 
and heavy design, but in view of such being necessary, together with repairs to the 
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face of the walls, floors, sills, culverts and the frames of the operating valves, and 
cleaning the sump well, the locks will probably be unwatered prior to the beginning 
of a season of navigation. 

To unwater all the fights will only require two pumping plants, one at the lower 
walls of the Rocher Capitaine flight, the other at the lower walls of the lower Pares- 
seux flight, each being the same size as those designed for the single locks and suffi- 
cient to unwater the chamber of the lower lock in from 12 to 14 hours. 

The Upper Paresseux flight, the basin below it, and the upper lock of the Lower 
Paresseux flight may all be unwatered by gravity; the lower chamber of the lower 
flight only requiring to be unwatered by pumping should it become necessary. The 
economic value of this location with regard to the above should not be lost sight of. 


OPERATION. 


Power to operate the lock gates and valves, and to light each lock and approaches 
thereto, will be obtained, with one exception, from a hydraulic driven electric plant 
nearby, generally adjacent to the dam which confines the reach above. 

Two separate independent units, each of the same capacity, will form the power 
development at each location from which the distribution is made to the controlling 
and operating stations. 

The fall or head of water engendered by the dam at each location is utilized 
to drive duplicate turbine sets, each direct connected to D.C. generators which are 
used to charge storage batteries of the Cloride type. These storage batteries are of 
a sufficient capacity to operate the motors of the gates and valves of each lock for 
36 lockages during 24 hours, and also furnish power to the light circuits during 48 
consecutive hours without re-charging. Each generating set is independent, and 
arranged to furnish the power necessary for operating the lock without discharging 
into the accumulators, thus affording a safeguard against delay through injury or 
during repair to either set. 

The turbines are small and in no case will those of either set be required to 
develope over 50 H.P. at any time, and then only during a short interval consequent 
to a re-charging of the accumulators which might be necessary after a shut down of 
the generating plant for repairs, or to feed the light circuits under similar condi- 
tions. 

The operation of the lock is controlled from two operating cabins, one at each 
end of the lock; they are set back from the coping and overlook the upper and lower 
gates. ; | 

The power mains are led to the operating cabins, from which the distribution 
is controlled by interlocking circuits. This interlocking is arranged in such a 
manner that the lock must be in the proper condition with respect to the position of 
the gates and valves before the power may be used from either cabin; one cabin 
only having power at one time. 

The gate and valve machinery may be operated independently by hand in ease of 
failure of the generating systems. 

The direct current system at 500 volts was used on account of its ease of oper- 
ation and control, and the shortness of transmission. 

The estimate for the electrical equipment was prepared by Mr. G. F. Chism, 
Electrical Engineer, who went fully into the requirements at each point. His re- 
port in full thereon will be found in appendix D. 

The estimates are based upon current practice at the present time. 


POWER HOUSES. 


Rocher Capitaine.—The power house is adjacent to the lower lock of the flight 
and about 600 feet from it. The intake is in the approach 1,200 feet above from 
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which water is conveyed to the wheels through circular steel penstocks; the efficient 
aye being 60 feet. The light circuits extend for 10,300 feet above and 1,000 feet below 
the flight. 


Deux Riviéres—The power house is in the dam immediately adjacent to the 
lock, the power being developed from a fall of 30 feet. The light circuits extend 
7,800 feet above and 1,200 feet below the lock. ~ 


Mattawa lock and Plain Chant lock.—One power house supplies both locks, it is 
situated in the Plain Chant dam adjacent to the lock there and developes power from 
a fall of 30 feet. A transmission line 11,800 feet long supplies the power to the 
Mattawa lock. The light circuit extends from 1,300 feet below the Mattawa lock 
to 2,000 feet above the Plain Chant lock and serves to light the reach, 10,600 feet 
long between the two locks together with the approaches to each lock therein. 


Les Epines—The power house here is in the dam adjacent to the lock; the 
development being from a 17 foot head. The light circuits extend from 2,600 feet 
below the lock to 3,800 feet above. 


Paresseux flights and canal.—The power house here is on the shore of the river 
at the turn below the Paresseux falls and some 500 feet from the upper lock of the 
lower flight. The intake is in the upper approach to the lower flight and delivers 
water through circular steel penstocks to the power house 450 feet lower down, the 
head being 60 feet. ‘Transmission lines 6,600 feet long supply the power for the 
upper Paresseux flight, the light circuits extend from 4,400 feet below the power 
house to 13,400 feet above, lighting the basin between the two locks and the canal 
from the upper flight to Talon lake. 


North Bay lock—The power is developed here by gas-producer plant in order 
to conserve water out of the Summit reach that might otherwise be used in power 
development. The power house will be adjacent to the lock and will supply power to 
operate the lock, a single leaf bascule road bridge across the lock, and a double 
track double leaf railway bridge 2,000 feet below. The light circuits extend from 
Trout lake through the cuttings to the lock and along the canal below to the en- 
trance cribs in lake Nipissing, 23,900 feet in all. 


Chaudiere lock——Power house for this locality is at the dam site in the main 
river 1,200 feet from the lock. The developed head is 24 feet the light circuits ex- 
tend 38,200 feet above to 8,000 feet below. 


Five Mile—The power house here will be at the foot of the rock fill dam about 
800 feet distant from the lock. The fall developed is 24 feet; the light circuits ex- 
tend from 1,200 feet above the lock to 7,800 feet below. 


Dalles lock.—The fall at the Dalles lock will average 21 feet and the power 
house itself will form a part of the rock and overflow dam on the west. The light 
circuits will extend 4,400 feet above the lock and 10,400 feet below, lighting that 
approach to the lock where the river widens to meet the lake. 

The hydraulic plants were estimated individually or for each location and were 
complete in every respect; the power houses were estimated to be of steel concrete 
construction, and of suitable space for the power plant only to be contained therein. 


LOGS. 


The route if completed for the traffic designed may not be used for the passage 
of free logs as at present. 

Nor may rafted timber be passed through successive pools; this is absolute, and 
will be conceded by all technical minds conversant with the problems of restricted 
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navigation for the large lake-carrier and the nature of the route to be developed. 

The former would institute a menace to which no master would subject his 
vessel and the latter is too uncertain of complete control within the numerous sub- 
merged and other artificial channels that are necessary to the project. 

The Ottawa river above the Des Joachims, the Mattawa river from the summit 
lakes down, and the French river from Lake Nipissing to its mouth, are largely 
used at the present time to pass the logs of the winters’ cut during the spring floods, 
and also later during the season when the upper levels may be conserved by existing 
dams and opened for the purpose of later drives. 

This system will require to be replaced by one which will allow the logs to be 
cut into marketable lumber at points adjacent to the canal route—at the mouths of 
tributary streams which now form the lines of communication from the timber 
limits to main rivers mentioned above—instead of at the large centres of the lumber 
interests as they exist at the present time. 

Lumber shipment by barges from the new points of manufacture may then be 
made and save the river route to the canal for the purpose designed. 

The waters of the Summit lakes must assuredly be conserved for canal purposes 
only and for obvious reasons. In the event of the construction of the Amable du 
Fond feeder canal, the lakes now forming the catch basins of the Amable du Fond 
river watershed may not be used as at present for storage to force the spring drives 
of that river; but only for storage to supply the Summit level, else the usefulness of 
the feeder canal would be largely a question of doubt. 

The lumber mills at present situated on the shores of Lake Nipissing; Wisawasa, 
Callender, Sturgeon Falls and Cache Bay would suffer no other inconvenience 
than that of having to contend with a higher Jake level by about 5 feet than has been. 
Their source of supply comes mainly by the rivers adjacent to their locality and 
will afford no danger to the canal route. 

~The above opens up a very broad question and one which will undoubtedly 
require an exhaustive investigation as to ways and means of preserving invested 
interests without disturbing the ultimate object of the project. 


S. J. CHAPLEAU, C.E. 
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SUMMIT LEVEL. 
SUMMIT REQUIREMENTS. 


The Summit level of the proposed waterway extends from Lake Nipissing to the 
head of the Mattawa river, embracing Trout lake, the Little Mattawan river, Turtle 
and Talon lakes, a distance of about 25 miles. 

The height of land proper separating the waters of the Great Lakes and those of 
the Ottawa river, occurs between Lake Nipissing and Trout lake, the latter being the 
highest body of water on the route. The granite ridge forming the divide in many 
places is very little above the waters of Trout lake, thus affording several possible 
locations for the canal which required investigation. 


The respective elevations of the summit lakes above mean sea level are: 


Feet. 
RakemNi picsuiesanedn: levels occ vie Gis) aes ee ed et oe OAD 
PPE ONG MAREN TneaIVNCVELeaicuh ls gta ko Pa oa eh ge a 
Ie ARe emma lene le aa ce eas lar Me in MEE Le OO 
Pololin mkemmean level. se aume a et. te ares noha Oat) Me Ee ee i Oe 


For purposes of comparison, the elevations of both ends of the proposed route, re- 
ferred to the same datum, may be given here: 

St. Lawrence river, at Montreal; low water, 18 feet. 

Georgian Bay, Lake Huron; low water, 578 feet. 

The maximum range of fluctuation of the lakes at the Summit is from five to 
eight feet. The drainage area tributary to Trout, Turtle and Talon lakes, is 342 
square miles as delineated on plate 31, and that of Lake Nipissing 4,077 square miles. 

In deciding on the Summit level of the waterway two alternatives offered them- 
selves: 

1st. The formation of a Summit level above that of Lake Nipissing, with Trout, 
Turtle and Talon lakes. 

2nd. The lowering of the above-mentioned lakes to the level of Lake Nipissing, 
thus including that body of water in the Summit reach. 

The first proposition was dependent entirely on the amount of water available for 
canal purposes; and though, without doubt, at first sight the more economical, with- 
out adequate water supply, it would have to be rejected. 

The second proposition gave at once assurance of ample water supply, much above 
the requirements, but the additional cost might be almost prohibitive, with the serious 
objection of a much longer time being required for construction. 

These conditions necessitated the most careful investigation, and deductions espe- 
cially in regard to amount of water available, had to be based on reliable information 
and facts. 

A special hydraulic party was therefore formed to collect the necessary data at 
the Summit, and during two years the most exhaustive sets of measurements and 
observations were made. 

In all preliminary investigations, which were made previous to this survey, no 
systematic study of the conditions of the Summit watershed appear to have been 
made. 

It was arbitrarily assumed that it was impossible to maintain a Summit level that 
would not embrace Lake Nipissing, owing to a belief in the scarcity of the water supply 
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of those lakes which naturally formed the Summit, and of which advantage is taken 
in the present project. 

On account of a lack of proper data, the topographic value and possibilities as a 
storage reservoir of the basin lying west of the Talon chute, when the water level 
within is raised to its limit, was not considered by former investigators. 

It must be stated, however, that in the early surveys of 1855 and 1857, by Messrs. 
Shanly and Clarke, conditions were very different from those of to-day in regard to 
Lake Nipissing. 

Mr. Shanly, in his report, dismisses the question of a Trout Lake Summit by 
simply stating that the water supply is inadequate, and proposes to raise Lake Nipis- 
sing about 16 feet, and lower Trout lake to meet this level, thus including Nipissing 
in the Summit reach. This was probably the proper solution at the time, on account 
of the land around the lake being practically unoccupied, and undoubtedly was one 
of the reasons why proper attention was not given to the study of the higher basin. 

The shores of Lake Nipissing are so low that the raise of level proposed would 
naturally flood large tracts of land. ie oS 

At present such a scheme is inadmissible. The number of settlements, villages 
and towns, apart from railway interests which would be affected are vital objections 
to it. 

It has been ascertained that the highest point to which Lake Nipissing could 
now be raised and maintained, without affecting too many interests, is at about eleva- 
tion 648, or 8 feet above ordinary low water level, and from two to three feet above 
the highest flood water. 

At that stage even, large areas of land would be affected, but the benefits to navi- 
gation on the lake would more than compensate the damage caused by flooding the 
low lands. 

Elevation 648 would therefore be the governing level, should Lake Nipissing be 
selected as the Summit, and all cuts through the height of land to the foot of Talon 
chute would have to be excavated 22 feet below that level or to elevation 826. 

From the preliminary investigations made, it was at once evident that for a large 
canal, requiring widths of 200 to 300 feet, this would involve the removal of enormous 
quantities of material, the largest proportion of which would be granite rock. of the 
gneiss variety. 

The consideration of the higher chain of lakes to form the Summit was, there- 
fore, imperative. hire 

A thorough exploration of the basin showed that the higher reach would be pos- 
sible only on condition that the whole of the inflow of water could be controlled and 
conserved for canal purposes, and further, that an additional source of supply could 
be obtained in case of a very large traffic developing through the waterway. 

The physical features of the country were found to be favourable to both these 
conditions, and the economic height to which the summit lakes could be raised 
and maintained to a common level, from the comparative standpoint of conservation 
of water, cost of the lock structures at either end and permissible lift, minimum 
amount of excavation, &c., was fixed at elevation 677, lake Talon being raised about 42 
feet, and Trout and Turtle lakes about 14 feet above their present level. 

This formed a summit basin 22.4 square miles in area, which had to be permitted 
to oscillate between certain limits in order to use part of the storage water during 
months of deficient inflow. 

The hydraulic investigations showed that this basin would always refill during 
winter and spring time, even for the years of minimum precipitation, should it be 
lowered from 7 to 8 feet during navigation season. 

In order, however, to make this condition absolutely safe, the maximum oscilla- 
tion permissible below elevation 677 was fixed at 6 feet, thereby establishing the sill 
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levels for the locks at either end, and the grade for all cuts within the Summit at ele- 
vation 651. This is 25 feet above the formation level of a Lake Nipissing summit 
eut, involving a reduction of several million cubic yards of granite rock excavation. 

In addition to the storage area mentioned, must be added that of Lake Nasbon- 
sing, which is about 148 feet above the level of Talon lake, draining into it by the 
Kai-bus-kong creek. With control of its outlet at Bonfield a storage of 6 feet will also 
be available there, over its area of 6.54 square miles. 

This can be further augmented by the waters of the Wisawasa lake which could 
be drained into Lake Nasbonsing. 

The principal source of extra supply, however, should the development of the. 
traffic demand it, will be from the Amable du Fond watershed. : 

This watershed covers about 300 square miles and contains a number of large 
lakes. The Amable du Fond now discharges into the Mattawa river below Talon 
chute, and surveys have shown that the river could be diverted to the head-waters of 
Sparks creek, which flows into Talon lake. By using the lakes at the head as stor- 
age reservoirs it would be possible to obtain 700 cubic feet of water per second to 
augment the Summit supply during the period of deficiency. 

(Refer to hydraulic engineer’s report and Plates Nos. 98, 29, 31). 


The complete investigations made have therefore permitted deductions which 
may be summarized as follows: 


Ist. It would no doubt be desirable to establish a Summit which would include 
Lake Nipissing, as such a body of water within the Summit basin would solve at 
once the question of water supply for the largest possible traffic through the canal, 
without recourse to other sources of supply. 

But this is not deemed to be advisable. 

(a) On account of the practical impossibility of raising Lake Nipissing above 
elevation 648. 

(6) The cost of a Summit reach at the above mentioned level would be excessive. 

(c) The time of construction for such a level, would be much longer than for any 
other reach, and the delay in the opening of the canal would be a serious objection. 

2nd. The more economical condition of the project is to establish a storage basin 
above that of Lake Nipissing, with Trout, Turtle and Talon lakes. 

In this case, all the requirements of the canal are met with; 

(a) By fixing the upper level at the limiting elevation +677 or 29 feet above the 
raised level of Lake Nipissing, thus requiring only one extra lift of reasonable 
height. 

(b) By establishing the lock sills at either end of the basin so as to permit of the 
water level oscillating from elevation 677 to elevation 671, without interference to 
navigation, thus creating a storage of 6 feet in a basin 22°4 square miles in area, 
which is increased by 6 foot. storage in Lake Nasbonsing, 6°54 square miles in area, 
this lake being actually tributary to the Summit waters. 

(c) With the above mentioned project the total quantity of storage possible, 
from all sources in the Summit watershed, assuming the worst conditions possible in 
a year of minimum supply is 5,591,130,309 cubic feet. Assuming that the basin and 
subsidiary reservoirs are completely empty on the 1st of December, it is shown that 
they will always fill during the winter and spring months and remain filled until at 
least June 15 wasting nearly one billion cubic feet of water in the spring, during the 
lowest year, on account of the limited reserve capacity of the reservoirs. 

(d) By computation of the daily inflow and storage for minimum years of 
precipitation, it is found that the summit reservoirs will be empty on November 30 
by using 556 cubic feet of water per second. 

(e) A eareful study of the conditions under which all the dams and other struc- 
tures can be built at the Summit shows that the loss of water by leakage can be 
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reduced to a minimum, and ample allowance being made for that as shown in the 
district engineer’s report, there will remain available for lockages a minimum of 
435 cubic feet per second from the inflow and storage. 

(f) The amount of tonnage which this supply will pass with the proposed locks 
and lifts depends on the average size of vessels, using the canal and the frequency of 
passages. The locks are designed to take the largest freight carriers on the lakes, or 
in excess of 12,000 tons of cargo per lockage. The Canadian and Poe locks at Sault 
Ste. Marie have averaged from 1,355 to over 4,000 tons per lockage for the last five 
years. With the constantly increasing size of lake freighters, it seems reasonable to 
assume that the type of through vessel which would use the cana] would average 
from 2,000 to 3,000 tons and better. 


In regard to the time interval between successive lockages, the passages at the 
Sault Ste. Marie locks are the best guide possible, being under the conditions of the 
largest lock traffic in the world, and although the present facilities are already con- 
sidered inadequate to handle the increased traffic expeditiously, up to the present 
time, the greatest number of lockages for each lock in a day, and the consequent 
intervals are as follows :— 


Canadian lock—Number of lockages, 34; interval, 42 min. 
Poe lock—Number of lockages, 35; interval, 41 min. 
Weitzel lock—Number of lockages, 41; interval, 35 min. 


This represents a maximum for a particular day, which of course, is not main- 
tained throughout the navigation season. 


It will be fair to show what the average time interval was for the season of 1907, 
when the traffic amounted to over 58,000,000 tons, much the largest on record. 


_ Poe lock— 


Length of navigation season, 233 days. 
Lockages, 5,487. 

Number of vessels passed, 8,475. 

Registered tonnage, 26,160,107. 

Freight tonnage, 40,859,145. 

Average number of vessels passed per day, 36. 
Average number of lockages per day, 24. 
Average time interval, 1 hour. 


‘Canadian lock— 


Length of navigation season, 238 days. 
Lockages, 4,592. 

Number of vessels passed, 6,346. 

Registered tonnage, 12,086,864. 

Freight tonnage, 15,585,368. 

Average number of vessels passed per day, 27. 
Average number of lockages per day, 19. 
Average time interval, 1 hour, 16 minutes. 


With locks of the proposed size and lift, it is calculated that the average quantity 
of water required, based for the entire season on alternate lockages, east and west, 
will be 1,869,563 cubic feet per passage of the Summit, or 21-63 cubic feet per second 
day, say 22 cubic feet. 

In a minimum year of supply, 485 cubic feet at least are available from inflow 
and storage as shown. 


This represents practically 20 lockages per day, and a time interval of 1 hour, 
12 minutes. 
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From these figures, different estimates can be made showing the tonnage which 
the available supply of water will pass during a navigation season of 210 days. 

Three assumptions may be made which seem fair and reasonable, by assuming 
ey each passage of the Summit will represent an average of either 2,000, 2,500 or 
,000 tons. 


- This will give the following tonnage :— 
2,000 x 20 x 210— 8,400,000 tons. 
2,500 x 20 x 210—10,500,000 “ 
3,000 x 20 x 210—12,600,000 “ 


It must be remembered that this is based on years of absolute minimum supply, 
which will rarely occur. A supplementary source of supply in the immediate summit 
basin not included in the above estimate is from Wisawasa lake, where at least 50 
cubic feet per second can be secured for the small expenditure of $20,000. This 
would represent two additional lockages per day. 

Moreover, as the docks proposed are 650 feet in length, the expedient may be 
resorted to, for the summit locks, of placing intermediate gates, and using a shorter 
chamber for locking small vessels, thereby saving a large quantity of water. 

It is expected that this would increase the number of possible passages to 25. 

This would give respectively for the three assumptions made, 10,500,000, 14,375,- 
000 and 15,750,000 tons. 

Whether such traffic could be expected, is impossible to predict, but it can be 
safely stated that in any event such an enormous amount of traftic would take many 
years to develop, and that a larger water supply would not be required at once, 

The limiting capacity of the waterway may be determined by assuming the time 
interval between lockages at a minimum, say 45 minutes, representing an average of 
32 lockages per day. 

With this time interval, the possible tonnage would be 13,440,000, 16,800,000 and 
20,060,000 respectively, on a basis of an average per passage, of 2,000, 2,500 and 
3,000 tons. "i 

It can be seen that it would require hardly double the quantity of water avail- 
able in the Summit basin proper to meet the demands of the traffic should the canal 
be taxed to its full capacity. 

As previously shown a convenient outside source to augment the supply is the 
Amable du Fond watershed where large storage lakes exist, and where an additional 
700 cubic feet per second during the period of deficient flow can be obtained by diver- 
sion, at a cost of $980,000, thereby meeting all demands of a maximum trafiic. 

(g) One of the main factors in favour of the Trout-Talon lakes Summit is the 
great reduction in cost as compared with the Lake Nipissing Summit. 

The former will cost $10,685,326, the latter $20,312,066, or a difference of $9,626,- 
740 in favour of the higher reach. 

All the data concerning the different factors relating to the Summit, such as the 
quantity of water available, the distribution of flow throughout the year, possible 
storage, supplementary sources of supply, &c., will be found in the report by the 
hydraulic engineer. Also a further discussion of results, and possibilities of traffic 
will be found in the report by Mr. S. J. Chapleau, engineer for the Nipissing dis- 
trict. 

The following diagram shows graphically the condition of the water supply within 
the Summit watershed, in relation to the amount of traffic passed, assuming an average 
capacity of 2,500 tons for each vessel locked. 

Five curves are shown illustrating the effect on the water supply of passing 
2,000,000, 4,000,000, 6,000,000, 8,000,000 and 10,000,000 tons traffic. 

The summer of the year 1906 being a remarkably dry season it was assumed that 
it could safely be taken as presenting minimum conditions, therefore the inflow for 
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that year and the December preceding were used as a base for the calculations for 
the diagram. 

Under these minimum conditions the reservoirs would be empty at the close of 
navigation (November 30, 1905), then the refilling process begins, continuing at the 
rate of over 6 hundred million cubic feet per month throughout the winter, until by 
the middle of April they would be filled. 

On May 1st navigation opens, but the inflow continues to be greater than the 
outflow contingent upon two million-ton traffic as shown by the upper curve in the 
diagram, until July 6, after this date the inflow, plus the storage in Nasbonsing lake 
is more than sufficient to keep Talon reach full for the entire season for the stipulated 
tonnage traffic. ; 

With a ten million-ton traffic the inflow continues to exceed the outflow only up 
to May 18, when the reservoirs would suffer a diminution, only temporary, however, 
as the rainfall towards the end of May would replenish them. By June 15 the inflow 
again decreases and storage would be called upon. With the exception of four days 
in August when heavy rains caused a temporary rise, this draw on the storage con- 
tinued until the middle of November when Talon reach was down to elevation 671. 

It is seen by the diagram that a traffic of 8 million tons would leave the reach 
at the close of navigation with over 350 million cubic feet of water in it above eleva- 
tion 672; thus it is seen that the quantity remaining in the reservoir increases as the 
tonnage decreases. 
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DETAILED REPORT BY MR. ALEXANDER McDOUGALL, M. Can. Soc., C.E. 


Section 1—Summit Water Supply. 
Section 2.—Summit Water Requirements. 


SUMMIT WATER SUPPLY. 


The Georgian Bay canal ascends the French river from the Georgian Bay to 
Lake Nipissing, and from Lake Nipissing into Trout lake. Trout lake is the head 
of the Mattawa river and is the Summit of the proposed canal. The canal follows 
the course of the Mattawa river, which empties into the Ottawa at Mattawa, thence 
via the Ottawa to Montreal. 

Plate No. 31 shows the watershed of the Mattawa river andthe general features 
of the Summit. 

Plates Nos. 18 and 14 show the general elevations along this part of the canal 
route. Trout lake is, ordinarily, about 23 feet above, and Turtle lake about 22 feet 
above Lake Nipissing, and Talon lake about five feet below it, the corresponding ele- 
vations being Lake Nipissing, 640; Trout lake, 663; Turtle lake, 662, and Talon lake, 
635 above sea level. These elevations vary with the fluctuation of the water at the 
different seasons. 

The plans for the canal call for the construction of a dam at Talon chute, creat- 
ing a Summit level oscillating from elevation 671 to elevation 677 from the Talon 
chute to the western end of Trout lake. This will form a lake of 22:4 square miles 
of area. The high water level will be 677 which can be drawn down to 671, if neces- 
sary, without interfering with 20 foot navigation. The drainage area tributary to 
the summit is 342 square miles, as shown on Plate No. 3, which was compiled from 
the township maps of the Province of Ontario. The areas of Trout lake and Talon 
lake have been determined by the present surveys. The drainage areas of the various 
portions of the Summit, and Mattawa river, are as follows:— - 


DRAINAGE AREAS. 


Talon Lake— 
\ Sq. miles. 
From Talon Narrows, including water-area of open water in 
WALEI-SDE Tey etic s. <a) MoU Gl cde, bk eS ak RO 1 oa eR ae gree 
Area ‘of opens water in-water-shed: a) ree ee oe eee 23 °9 


Turtle Lake— 


From Whitefish bay, including water area.. .. .. .. .. .. .. .. 78-0 
Of open; watertin aater-shed,- 4 ee Pe Nn) Sera 
Area of Troutlakew. .. sew it 
Area of Turtle lake.. . 2 
Lake Nasbonsing— nee 
From Menard’s bridge, including water.. .. .. ...... .. .. Tk 
Avea-of ‘open: watercin watershed... ei. ee ee 12 
Drainage area from Bonfield, including. -woter, cess eegen, si, on eee 
Area,of oneniwateran’ water-ched:-. 4... eae eee ek Mae 
Drainage area of Depot creek, including ayater ae. 26h a ee 
Area of open water in water-shed.. .....0........ .. Sea we | Me 
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; Sq. miles. 
North River— . 
irom Mattawariver,imcluding waters... .. <. se6. css cu cs ce 92.2 
Tea sOl ODOM’ WELCH I WALCE-SUCOs . cs folate oc cia a wens chee (06D 
Amable du Fond River— 
From Eau Claire, including RUA LOT, Sec notes er ae ee ene Aso) 
Area of open water in water-shed. . Bene Ee eerie aliens its 
Drainage area from elevation 950, including aoe OTR RAR MOREY ico 
Area of open water in water-shed. . TE NEEA ered oh gt A ete nee aN eR IS SN 
Mattawa River— 
From Mattawa...... Oars sin) aah ines tobi rd BOK A) 
Area of open eee in ein Ea Aide ith «Fk gen Ld eco emer le) 
Wisawas— 
rem outlerrot lakei te. im 2 eat Kee bes ts oe ra ARE SECO 
Erer on open=water har ul ber hae babaetiteere ti Da8 


Almost the entire drainage area about the outlet of Lake Talon is heavily 
wooded. In the vicinity of Bonfield and Rutherglen, and in one or two isolated 
places, there is some farming, but only to a very limited extent, and probably not 
more than three per cent of the entire drainage area is cleared. Some of the area 
not now cultivated might be improved in the future, but most of it is not suitable for 
cultivation, and it is unlikely that any material change will take place in the char- 
acter of the water-shed. 

When the sufficiency of the water supply at the Summit level of a canal is in 
question, its correct determination is a most important problem. Sufficient water to 
meet the demands of navigation must be provided at all times. 

The proper determination of the quantity available in a minimum year requires a 
forecast of future conditions which can only be made with safety when the informa- 
tion at hand is reliable and sufficient. 

The amount of water varies each year, and the chief difficulty occurs in the pre- 
diction of minimum conditions from the existing records. 

For a proper comprehension of the water supply problem, it is necessary to study 
the causes which produce it. The amount of water available from any particular 
watershed which is usually known as the ‘ run-off,’ equals rain-fall, minus the evapor- 
ation, both variable quantities. This run-off, either naturally, or by artificial methods, 
must also be so distributed over the year as to meet the demands of navigation. 

Rain falling on the earth is divided up into different portions. One portion finds 
its way directly over the ground to the streams where it appears in the form of ‘ run- 
off” .The second portion soaks into the ground where it replenishes the great under- 
ground storage which again slowly appears in ‘run-off’ from springs. A third por- 
tion is directly evaporated from the ground or taken up by plant life. Streams are 
also subject to evaporation from their surface. The ‘run-off’ therefore depends on 
the character of the surface, the extent and demands of plant life, the quantity of 
ground storage, of surface storage and the various physical conditions which affect 
evaporation, &e. We, therefore, require to consider for the Summit supply these 
various elements with reference to its watershed. 

It is not necessary to know the causes which produce the rain fall or snow fall, 
but rather the laws which govern its evaporation from year to year and from day to 
day, and if it is possible to determine from measurements extended over a certain 
period of time, the law which governs the amount and character of the precipitation. 

Binnie, in an article entitled, ‘The Mean of Average Annual Rain Fall, and the 
Fluctuations to which it is subject,’ published in ‘ The Proceedings of the Institute of 
Civil Engineers,’ Volume 109, p. 89, London (1896), presuming that the observations 
are all properly and regularly made, the author states ‘that any good record of thirty- 


198 DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., A. 1909 


five years and upward may be accepted within limits, and that a period of fifty years 
is nearly as good as that of a longer period.’ Also that ‘ the conclusion may be drawn 
that dependence can be placed on any good record of thirty-five years’ duration to 
give the mean rain fall correct within two per cent of the truth,’ and that for shorter 
periods of five, ten or fifteen years, the probable extreme deviation from the mean 
would be 15, 8, 5 and 4-75 respectively. 

It is, therefore, apparent, that if an absolute forecast of the minimum rain con- 
ditions is required, that records over a very extended period of time are necessary. 
Unless these records are. available, great care must be exercised in any attempt to fore- 
cast the minimum conditions from the records of a short period. 

The second variable on which the ‘run-off’? depends is evaporation, and it is 
governed by several conditions. As previously stated, the evaporation varies with the 
character of the soil, the plant life and the condition of the atmosphere. 

It has been the subject of study for many years, but the variables upon which it 
depends are so complicated and interrelated that the results for any particular water- 
shed can only be applied to another watershed with careful discrimination. Its deter- 
mination is usually made by measuring the ‘ run-off’ from the watershed and from the 
difference between this and the rainfall we arrive at the evaporation which covers not 
only the evaporation from the surface, but also that which is taken up by plant life 
in all its different forms. If the character of the watershed were changing, such as 
for instance the clearing off of the forest area by cultivation, it would be necessary 
to consider it at great length. But it is not possible within the limit of this report 
to go into the subject fully. When the canal is constructed, the Summit must be so 
protected as to prevent any material change in these conditions. 

For our purposes, it is unnecessary to divide the evaporation into its different 
elements, but only to determine the ‘ run-off’ which is available for navigation. The 
usual method of doing this is by extended stream gaugings, and measuring the cor- 
responding rainfall over the same period, the difference between which giving the 
total amount which has been lost. Allowance must be made for the conditions which 
exist at the beginning and conclusion of any period of time which is under discus- 
sion: that is, there may be more or less rainfall existing in the ground in the shape 
of ground storage, or in the swamps and lakes and surface of the ground of the water- 
shed, and due allowance must be made for this in the calculation. 

Ground storage is described as follows in the Report of the Geological Survey 
of New Jersey by C. OC. Vermuele:— 


GROUND STORAGE. 


‘At the close of the winter and spring rains, the ground is saturated with 
water to a great depth. A large amount of water is held jin storage, and all of 
that which lies above the level of the bed of a stream within the boundaries of 
the watershed becomes available to either feed the stream at that point or else 
to satisfy the demands of plants and evaporation. This great reservoir will feed 
a certain amount of water to the stream irrespective of the rainfall. If the rain- 
fall is sufficient to supply the evaporation and plant growth, the flow from the 
ground water will remain constant, because the head which forces it through the 
rocks and gravels is constant. When the rain is insufficient, the head will be 
drawn down and the flow will decrease at a certain fixed rate. The draft upon 
ground storage in this vicinity usually sets in between May 1 and June 1 (*.) 
Once the draught is fairly established and the water drawn down, unless the 
rainfall is greater than it usually is from June to August, it is all absorbed by 
the dry earth and does not reach down far enough to increase the head and con- 


*In the Ottawa River Valley, it usually commences about June 13. 
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stant flow of ground water. What may be called the ‘under-run’ of a stream, 
that part which depends upon ground storage may be easily determined by inspec- 
tion of a continuous diagram of flow. In inspecting such diagrams as those of 
the rivers of New Jersey accompanying this report, it may be seen that rain- 
falls which, if occurring in May, or in the autumn after ground water has been 
replenished, would cause violent floods, have no effect at all upon the stream 
flow when they occur during the dry months. This difference in effect cannot 
be described to direct evaporation, for, in case of concentrated rainfall, evapora- 
tion has little time to act. It is due to the drawing down of ground water, which 
leaves a great capacity for absorption of rain by the earth. 

In the analysis of recorded stream flow following, it will be found that in 
extreme cases this stored ground water will be drawn upon by stream flow and 
evaporation to the extent of the equivalent of nine inches of rain. In some 
cases it will yield to the streams alone a quantity of water equal to five in’ches 
of rainfall. A depletion of six inches by the end of August is not uncommon. 
This depletion must be made good before the fall rains become available to 
increase the stream flow. Consequently, we frequently find the autumn stream 
flow to be very much less than the difference between rainfall and evaporation. 

Let us now observe what the effect of the ground storage is upon the stream 
flow. Take a usual case of a stream whose normal yield is twenty inches for 
forty inches of rainfall annually, and whose ground storage will yield five inches 
to the stream. If we begin the year with full ground water and end it with 
depleted ground water, the yield will be 25 inches for forty inches of rainfall. 
If we begin with depleted ground water, on the contrary, and end with full, we 
shall have but fifteen inches yield for forty inches rainfall. 

In the first case, we have a yield of 62°5 per cent, and in the second 37°5 per 
cent of the rainfall. This stored ground water will cause streams to con- 
tinue to flow for weeks and months, even though rain entirely ceases to fall. 

Popularly, this is known as spring-water. It often issues in the form of well 
sustained visible springs, but a larger amount finds its way out unobserved all 
along the course of a stream. Portions of the surface which are continually 
saturated and are known as swamps or marshes. 

Wells sunk below its permanent level yield continuous supplies of water, 
popularly supposed to come from underground streams, or ‘ veins.’ 

The actual distance below the surface of the ground to which this reserve 
supply of water is drawn during droughts, is not everywhere the same, nor will all 
portions of a water-shed deliver equal amounts of water from the ground. 

A coarse gravel will contain more water to each foot of depth and will yield 
that water much more freely than compact earth or rock. When it is said that a 
water-shed will yield so many inches of water from ground storage, the average 
yield is intended. The accompanying sketch shows, generally, the manner in 
which a valley will yield up its ground-water during a protracted drought when 
the material is varied, and the phenomena which result therefrom and with 
which all are familiar. 

The capacity for ground storage varies widly on different water-sheds. On 
steep rocky surfaces, the rain largely runs off. The rock, it is true, holds a large 
amount of water, but it is held tenaciously and discharged at a low rate. The 
fact is partially compensated for by the greater difference of level on such a water- 
shed which cause greater heads to force out the water. A rocky water-shed, as 
level as the sandy basins of Southern New Jersey which discharge large volumes 
of ground water, would probably yield a very trifling amount. Fanning gives the 
following data as to porosity of soils :— 

Gravel, consisting of small water worn stones or pebbles, intermixed with 
grains of sand, has ordinarily 20 to 25 per cent of voids; marl, consisting of 
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limestone grains clays have innumerable interstices not easily measured but cap- 
able of absorbing after thorough drying from 8 to 15 per cent of an equal volume 
of water. 

Water flows with some degree of freedom through sand _ stones, limestones 
and chalks, according to their textures, and they are capable of absorbing from 
10 to 20 per cent of their equal volume of water. 

The primary and secondary formations, according to geological classifica- 
tions, as for instance granites, serpentines, trappeans, gneisses, mica slates and 
argillaceous schists, are classed as impervious rocks, as are usually the several 
strata of pure clays that have been subjected to great superincumbent weight. 


The crevices in the impervious rocks, resulting from rupture, may however 
gather and lead away as natural drains, large volumes of the water of percolation. 
It must be remembered, however, that nearly all water-sheds on rock formation 
having a covering of disintegrated rock and drift gravels and sands which furnish 
a large part of the ground storage. A rock valley filled with drift sands and 
gravels is admirably adapted to supply large quantities of ground water. 


From the above percentages, we find that a depletion of nine inches of 
ground water will draw down the water table an average distance of from 35 to 
45 inches in gravels, from 45 to 90 inches in marls, about 90 inches in clays and 
from 45 to 90 inches in sandstones, limestones and chalks. 


In this connection, it is worth while to remember that many plants project 
their roots to great depths in the earth. Common clover roots have been followed 
to a depth of four feet. It follows that vegetation, which must be supplied with 
water, will draw its supply from very considerable depths when no rain fall is 
available. 

As we shall see from our gaugings, the demands of evaporation and of plant 
life are inexorable. During the growing months of May, June and July, these 
demands are usually equal to the rain fall, and often in excess of it. Stream 
flow is, consequently, entirely dependent upon the ground water, which is also 
frequently drawn upon by evaporation and plant absorption. No scientific treat- 
ment of the yield of streams can neglect this important equalizing reservoir of 
ground water.’ 


Surface storage ‘is another agent which tends to equalize flow to some extent 
by carrying over some of the water of the wet season to the early dry months, 
thereby shortening the period of very small flow in the surface storage. Water 
is held in natural lakes and swamps and fed out gradually to the stream.’ 


In addition to these two agents, one of the principal factors of variation in our 
northern rivers is the precipitation of the winter time in the form of snow which 
might properly be called surface storage of a particular character. This snow fall 
which occurs from December 1 to March 20, in the majority of years remains on the 
surface in the condition in which it falls without augmenting the stream flow, except 
in case of a thaw in the spring. In certain winters, however, thaws occur during the 
winter with rain fall, increasing the flow of the rivers at that time. 


Arrangements were made at the beginning of the survey to measure the various 
elements which determine the available water supply, and to collect all other possible 
data which would have any effect on the investigation. It was at once apparent that 
under natural conditions, without any storage, the run-off at low water of the Sum- 
mit water-shed would be insufficient. And the study was continued to determine the 
quantity flowing from the different sources with a view of storing the excess water of 
the feeders at times of high water to be utilized to supply the deficiency at low water. 


The study of the run-off is rather involved, as the lumbermen have built storage 
dams at most of the lakes, the water of which they use in the spring and summer 
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to drive logs. These dams are opened and closed many times during the season, 
and require close watching to obtain correct results. 

The two principle feeders are the Kai-bus-kong river, flowing from Lake Nas- 
bonsing, and the North river; the latter having no large lakes. 

Gauges were placed in Turtle lake, which is practically a continuation of 
Trout lake; Trout lake, Lake Talon and Nasbonsing lake (the principal feeder of 
Lake Talon, as already mentioned). As these gauges were directly affected by the 
condition of the dams, other gauges were placed, one in the Mattawa river below 
Trout lake, one on the Kai-bus-kong, below Nasbonsing lake, and one in the Mattawa 
river below Talon chute, where the gauge heights were proportional to the quantity 
of water flowing, and from which, with daily readings and measurements of flow, 
curves of the discharge and the quantity of water flowing from the watershed were 
determined. 

The measurements of flow commenced during February and March, 1905. Some 
difficulty was experienced in finding suitable sections for measurements. On the 
Kai-bus-kong, Menard’s bridge formed a very convenient position for metering. About 
a mile below Turtle lake at the outlet to White Fish pond, a very good section for 
the work was found. At this section it was necessary for the observer to wade. 

The river below Talon chute is a series of very deep ponds or small lakes, in which 
there is a very small current. These lakeg are separated by rapids where the water 
is so agitated that proper metering could not be taken. Finally, after several of 
these places were tried, a section was found on Talon Lake Narrows, but it was 
necessary to relate the measurements to gauge heights taken at a gauge about a mile 
below Talon chute. 

On Talon Chute Narrows, a cable-way was built, upon which a car was erected 
from which the measurements were taken. 

The location of these sections is shown on plate 31. ; 

In the study of the rainfall, Mr. Stupart, the director of the Meteorological 
Observatory in Toronto, has had rainfall observations taken at Lake Talon, North 
Bay, Mattawa and other places for a number of years, and very kindly loaned us a 
dozen rain-gauges to supplement these. A half dozen of these were placed in the 
water-shed of the Summit, viz.: one at Menard’s bridge, one at Nasbonsing, one at 
Turtle lake, one at White Fish pond, one at Pimisi bay and one at Lake Talon, 
and arrangements were made with the water gauge readers to read the rain-gauge 
at the same time. These rain-gauges have been nead from April 20, 1905. 

As the water-shed will be somewhat altered when the canal is built, that is, the 
water surface, owing to the storage reservoirs, will be greater, and therefore the 
evaporation will be increased, two tanks were provided to measure the evaporation 
from the water surface. These were made of galvanized iron, four feet square and 
18 inches deep, and were intended to be floated in the lake itself; one of the tanks 
was placed at Lake Talon. where one reservoir was to be and the other one at Lake 
Nasbonsing. Some difficulty was experienced in floating them owing to the waves 
breaking in at the corners. Finally they were buried in the sand at the side of the 
lake, and the sand around them kept moist. 

Observations were made by the gauge readers twice daily as regards the temper- 
ature of the air, temperature of the water in the tank, temperature of the water in 
the lake, humidity of the atmosphere, pressure of the atmosphere and the general con- 
dition of weather, wind, &c. ‘ 

From five to six months in the year some of the above observations were inter- 
rupted, that is, from December till the end of March or middle of April, when the 
moisture falls in the form of snow and does not melt until spring, except in excep- 
tional seasons. . 

All the observations have been continued to date, the same sections being used in 
the summer time as are used in the winter. 
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PRECIPITATION. 


The records of daily rain fall commenced on May 1, 1905, and have been carried 
en until the present. 

The monthly results of the observations at the six stations are shown in tabulated 
statement No. 2. Together with these, are inserted results of Calvin, the station at 
which observations have been made since 1892 by the Meteorological Station in To- 
ronto. Unfortunately, in some cases, the observations are not complete. 1899 lacks 
the months of December and April; 1895 has only two months, November and Decem- 
ber; 1894 lacks the month of January and 1891 lacks the first three months of; the 
year. 
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The complete rain-fall statistics, therefore, available for the summit are for the 
years 1891 to 1905, with certain months missing, as already mentioned. In com- 
paring the results of our six stations with Calvin, we see that the yearly precipitation 
is about the same and from the similarity of rain-fall over the watershed, as shown 
from the daily records, it is thought that the results at Calvin for previous years can 
be assumed as applying to the entire watersheds with reasonable accuracy. The 
results, however, only covering fifteen years, require additional care in forecasting 
the years previous to 1891. 

In addition to the daily and monthly records, the rain-fall has been divided into 
two periods, one extending from June 15 to December 1, and the other from December 
1 until June 15. 

From 1892 to 1904, the rain-fall was recorded monthly, therefore, for these years, 


the amount of precipitation from June 15 to July 1 was assumed as being one-half 
the rain-fall for the month of June. 


- c Inches. Inches. 
Dee. 1, 1905, to June 15, 1906, 13-50 —Jiune 15, to December 1, 15.69 
2 O04 “a 1905, 16-09 i i 15.32 
ZN LOS i 1904, 16.07 “ ee 18.35 
? ~ 1902 da 1903, 15°43 2 ‘“ 19°50 
2 AOOY ee 1902, 15-74 2 Mf 20-86 
” 1900 a 1901, 13-00 12 a 15-56 
ZiT ROF e 1898, 17-75 if ee 16 92 
” 1896 4 LOOT Ea 
? A895 te 1896, 13-72 2 a 19.53 
sla Ral ts a 1894, 19.25 
State SOD a 1893, 


It will be seen that from December 1 to June 15, the lowest winter precipitation 
was from December 1, 1900, to June 15, 1901, when it was thirteen inches. This was 
succeeded by a rain-fall of 15.56 inches from June 15 to December 1, 1901, and pre- 
ceded by a rain-fall of 16.92 inches from June 15 to December 1, 1900. 

The precipitation from December 1, 1905, to June 15, 1906, was the next smallest, 
being only one-half inch greater than from December 1 to J une 15, 1900, but it 
was succeeded by a precipitation from June 15 to December 1, 1906, of 15-69 inches, 
and preceded by a rain-fall from June 15 to December 1, 1905, of 15-32 inches. 

Although the precipitation from December, 1904, to June 15, 1905, was 16-09 
inches, the run-off was considerably less than in the succeeding spring when the rain- 
fall was but 13-50. No thaws occurred in the winter time and the depletion of the 
ground storage from the very cold winter produced in the spring‘a very small run-off. 
Although in general, local information is not to be depended upon, still the method 
of regulating the water at the Summit gives the local information there some weight. 
One of the lumbermen’s agents, Mr. O’Connor, who has charge of the lumber opera- 
tions, stated that he had seen it once before in a period of twenty-three years as low 
as it was at that time. Others declared that it was the lowest in forty years. It can be 
safely assumed that the run-off was as low as what occurs in a eycle of ten years. 


EVAPORATION. 


Evaporation over the entire watershed, using evaporation in its broad sense, which 
includes the demands of plant life, is equal to the rain-fall minus the discharge. As 
previously stated, if our water-gauge records extended over a sufficient period of time, 
the question of evaporation and the climatic conditions on which it depends would 
not be so important as they are with only two year’s water-gauge records. 

The general character of the watershed will be very little different after the con- 
struction of the canal to what it is at the present time. If the character of the water- 
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shed were to be changed by clearing off the timber land, draining the swamps and 
cultivating with farm, crops which would give an increased demand on the rain-fall, 
this subject would have to be considered in greater detail. Sufficient accurate data 
are not in existence from which to predict the effect of the change of the run-off when 
the character of the watershed changes. The watersheds which have been cleared and 
drained gave a much greater freshet flow in the spring, together with a corresponding 
low flow in times of drought and usually the total run-off for season of the same rain- 
fall would be reduced in quantity. If the watershed is cultivated, then the demands 
of plant life are increased. 

The entire subject is one of great complexity, and neither sufficient scientific 
data exist, nor could sufficient be.collected during the course of the survey to safely 
predict what the run-off would be under changed conditions, and it is, therefore, 
stated as abroad principle at the beginning of this report that until such information 
is collected and the run-off safely forecasted, that no radical change of the water- 
shed should be permitted unless arrangements were made to bring the water from 
an outside source, rendering the Summit independent of fluctuations. One particu- 
lar change which will affect the water supply immediately is that, owing to the 
raising of Lake Talon about 40 feet, the water surface will be increased by 7-23 
square miles. The evaporation from a water surface is greater than from the cor- 
responding land surface. In the computation of the amount available for canal 
purposes, the method of computing eliminates the evaporation from the normal or 
unraised water surface of the principal lakes. The change of the water-shed is 
represented by the creation of 7.23 square miles of water surface where previously 
7-23 of land area of a varying character existed. The result is that the water avail- 
able for canal purposes is depleted to the extent of the increased evaporation over a 
water surface with that from a corresponding land surface. In our calculation, the 
run-off has been diminished by the evaporation from the water surface, not taking 
into consideration the land surface. This amount can be calculated from the for- 
mulz deduced by various investigators from experimental data. But the quantity 
used in these calculations has been determined from the observations as taken in 
the field during the course of the survey. The monthly results of the daily obser- 
vations are shown in tabulated statement No. 3 at the end of this report. 

Plate No. 28 shows the principal observations of the Lake Talon water-shed, 
viz., the fluctuation of the lakes in which it is intended to store the surplus water, 
the daily rainfall and snowfall, the discharge in cubic feet per second, and the inflow 
curve or the amount of water available for navigation flowing into Lake Talon daily. 
The rainfall, snowfall and fluctuation of the lakes are obtained by daily observation. 

From the current meter measuremnts the discharge curve was plotted, showing 
the discharge from the lake and the different heights of the gauge below Pimisi— 
Plate No. 29. Forty-eight measurements were taken of the discharge, which were used 
in constructing the curve. These measurements are shown in tabulated statement 
No. 4. The method of measurement is described in greater detail in part No. 2 of 
this report. 

From this discharge curve, and the daily observed gauge heights, the discharge 
for the year as shown on Plate No. 28 was estimated. As previously mentioned, how- 
ever, Lake Talon, Trout lake and Nasbonsing lake have been operated for years by the 
lumber interests as storage reservoirs in which to store sufficient water to drive the 
logs down the Mattawa and Kai-bus-kong rivers. The discharge curve below Lake 
Talon, therefore, represents the flow of the river as it is governed by the storage dams 
and their operation, therefore, on Plate No. 29, a curve hasbeen plotted to show the 
daily run-off from Lake Talon available for navigation irrespective of the regulation 
by the lumber interests. From this daily inflow curve is calculated the size and effect 
of the reservoirs to be constructed and the amount of water available for canal pur- 
poses. As the proposed canal will affect Lake Talon, Trout lake (in which is included 
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Turtle lake) and N asbonsing Jake, and the rest of the water-shed will remain the same 
after construction as at the present time, we require only to determine the changed 
condition of the lakes affected for the present. If we denote the daily inflow of water 
from the water-shed into Lake Nasbonsing, Trout lake and Talon lake by D, and the 
daily discharge from Lake Talon as D1, and the storage in Lake Talon, Trout and 
Nasbonsing as S, and the evaporation from their water surfaces as E, we find that D 
is equal to Di, plus S plus E. Storage used with the plus sign as the lake rises, and 
the minus sign as it falls: the evaporation, of course, will always be plus, or, in other 
words, when the lakes are falling D is equal to D1 minus S plus the evaporation in 
the three lakes. 
The present area of the lakes is:—Talon, 5-69 square miles; Trout lake, 7°78 
square miles; Turtle lake, 1-18 square miles and Nasbonsing, 6°54 square miles. 
After construction, the raised area of the lake will give additional water surface of 
7-28 square miles. The amount of water available for canal purposes is equal to the 
daily inflow from the water-shed, minus the evaporation from the three lakes, minus 
the additional evaporation from 7-23 square miles, the additional evaporation mean- 
ing the increased evaporation from the water surface beyond that. of the present 
ground surface which will be flooded. 

As previously stated, for the purpose of our calculation, however, this has een 
estimated as additional water surface. The daily inflow from the water-shed at pre- 
sent equals the discharge from Lake Talon, plus the evaporation from the three lakes, 
plus storage in the three lakes, therefore, the amount available for canal purposes 
equals the discharge of Lake Talon, plus the storage in the three lakes, minus the 
evaporation from 7-23 square miles. 


It is seen that —D)+S-+-E 
D—E=—D:+S8 
D—E—Ei—D:1+S—FE1 
where D—E—Ei=—water available for navigation, when these sym- 


bols are the same as above, and E! represents the evaporation from 7-23 square miles. 
The daily discharge, the storage evaporation, E1 and available water are shown in 
tabulated statements 4 and 5, at the end of this report. 


From the above hypotheses, the amount of water available for canal purposes was 
plotted as shown in Plate No. 28. For the purpose of comparison, the total amount 
of rain fall over the entire water-shed is plotted in cubic feet per second, but is shown 
as average rain fall of the month, instead of daily as the inflow curve is. The differ- 
ence between these two is the entire evaporation of the water-shed, plus the additional 
evaporation of 7-23 square miles of water area. 

The close of navigation is assumed.to be November 30, therefore the water 
supply year will begin December 1 instead of January & It is assumed that on 
November 30 Lake Talon, as enlarged, is at elevation 671, and Lake Nasbonsing is 
also completely emptied. The problem is, how much water is available for canal pur- 
poses from May 1 to November 30 in the year of the least available flow. Until 
May 1, when navigation opens, all the water exclusive of the leakage can be accu- 
mit lated in the storage reserves. After May 1, all excess water above the demands 
of navigation will accumulate until the flow is equal to the demands, or until the 
reservoirs are completely filled when wastage will decur. When the inflow available 
becomes less than the demands of navigation, then the additional water will have 
to be supplied from the storage. The two questions to decide are: Will the reser- 
voirs always be full? and if they do fill from the date storage has to be called on 
because the inflow is insufficient, will the storage added to the inflow in a minimum 
year of supply give sufficient water until November 30? 

The amount of water available has been obtained by a series of approximations. 
The area of Lake Talon enlarged is 22440 square miles. The amount of water which 
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this will take to fill six feet is 3,746,856,960 cubic feet. The area of Lake Nasbon- 
sing is 6-54 square miles; to fill this six feet would require 1,093,948,416 cubic feet. 
It has been assumed that 50 cubic feet per second is sufficient allowance for leakage 
in the winter time. Therefore, the amount of water flowing from December 1 to 
May 1 in excess of this will go to fill the reservoirs. 

In this connection, Lake Nasbonsing, whose area is 6:54 square miles, has « 
drainage area of 64-7 square miles. 


The drainage area of Lake Talon being 342 square miles, therefore the amount 
tributary to Lake Talon independent of Lake Nasbonsing is 277-3 square miles. 
As the storage reservoirs in the proportion of 6.54 to 22-4 are practically equal to 
the proportion of the drainage area, and the rainfall is an average over the entire 
water-shed, it is safe to assume that the two storage reservoirs can be filled to the 
same height and may be treated collectively. 


In the determination, it has been decided to calculate the amount of water 
available in a very low spring followed by a very low summer. These conditions, 
which are the worst possible that could exist, have not taken place in the Lake Talou 
water-shed, as evidenced in the rainfall statistics for the fifteen years for which we 
have the records. In the general discussion of the Ottawa river supply, rainfall 
statistics, more or less complete, are available for the last forty years. 

It will be seen that the rainfall over the entire water-shed, of which Lake Talon 
water-shed forms a part, is subject to no very great fluctuation, and that the rainfall 
_ is fairly uniform over the entire basin. In the discharge curve of the Ottawa river, 
showing the amount of water flowing from the general water-shed for the last sixty 
years, never has a minimum winter and spring flow been followed by a minimum 
summer and fall flow. And although the principle of averaging a rainfall and a 
discharge from which to make deductions is to be deprecated, still, as it is seen in 
the larger water-sheds an abnormally low summer always succeeds an average or 
fairly high spring and winter flow, whereas a minimum winter and spring flow has 
always been followed by an average summer flow. It is, therefore, thought that in 
assuming the water supply available from a low winter and spring, followed by a 
very low summer and fall, this assumption which provides for the worst possible 
condition will more than compensate for the fact that our run-off statistics only 
extend over a limited period of time. 

The continuous records of flow were commenced at the end of February, 1905. 
The measurement made at the end of February was 170 cubic feet per second. The 
inflow from March was 250 cubic feet per second. From December 1, 1904, until the 
end of February, 1905, no thaw occurred in January or February, but some slight 
thaws in December. The discharge, therefore, at the end of February would be less 
than at any other time during the winter, as the water is drawn from ground stor- 
age from the last thaw which occurred in December. The flow of January has been 
assumed at 200 cubic feet per second. 

From the record of the Ottawa river and Calvin of 1904, it is seen that the month 
of December was initiated with a full ground storage. 

In the spring of 1905, on this basis, allowing 600 cubic feet per second for the 
demands of navigation, the reservoirs will be full on May 10, and continue full until 
June 20, with the exception of a few days in May. 

In the spring of 1906, the reservoirs are full on April 26, and continue full until 
June 15, 1906. aed 

The total amount wasted in the spring of 1905, is 864,066,424 cubic feet, and the 
total amount wasted in the spring of 1906, is 1,096,719,424 cubic feet. 

In both these cases the reservoirs are considered as completely empty on Decem- 
ber 1. Our records show that there would be 88 inches in the Talon reservoir on 
December 1, 1905. 
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The amount wasting in these two Springs, one of them the lowest in ten years, 
shows that the reservoirs will always fill and continue full until at least June 15. 
Flash boards could also be placed on the dams so as to carry the reservoir full until 
June 30, but, for the purpose of calculation, they are assumed as full until June 15, 
on which date the water stored will be drawn upon. At that time also ground storage 
is full. The conditions being the same for June 15 of each year, the minimum amount 
of water available for canal purposes will be obtained from the year in which the in- 
flow from June 15 to December 1, is the minimum. 

The period of 1906 has been noted, not only for the extreme drought, but for its 
long continuance: only three other years are comparable with it for the intensity of 
the drought. 

The only complete records available for the Ottawa river water-shed are those in 
existence for the Rideau locks and the lower Ottawa. 

A few scattered records have been obtained-elsewhere. These records will be con- 
sidered in detail in the general study of the water supply of the Ottawa river which 
forms part 2 of this report. 

The years of extreme drought were 1846, 1881, 1887 and 1906. Each of these 
years had some particular feature, but the available water was about the same. This 
gives to the records of 1906, great value. To be certain, however, that sufficient allow- 
ance has been made for minimum conditions, a deduction of 10 per cent from the 
available water of 1906 in the months on which storage is called on, has been made. 
The reduction does not affect the other months, on account of the excess water wast- 
ing. With this allowance the available water for 1906 will be less than the records of 
sixty years show to have taken place, and denotes, therefore, a minimum supply which 
has been used as the basis of computation for the amount of traffic. 

Immediately to the west of Lake Nasbonsing is situated the Wisawasa river and 
Wisawasa lake. The character of the water-shed is very similar to that of Lake Nas- 
bonsing. Records were kept for the year 1905 of its outflow. The drainage area of 
the lake is 52-9 square miles, and the area of the lake proper is 2°8 square miles. A 
cut of 5,000 feet in length with a maximum depth of twenty feet would turn the water 
of the Wisawasa into Depot creek leading into Lake Nasbonsing. With a dam 10°7 
feet high, this would give to the Summit an additional 750,324,833 cubic feet, allow- 
ing ten cubic feet per second for leakage of storage. 

The total quantity of storage for the two water-sheds, therefore, in the year of 
minimum supply will be 5,591,130,309 cubic feet. 

The results of these observations, which, for the purpose of calculation, are esti- 
mated in cubic feet per second per-month are as follows :— 
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Evaporation 
Discharge in cu. ft. Inflow Wastage Condition of 
Month. in ft, per second /{ available for in c, ft. reservoir at 
per second, | from 7.23 navigation. | per second. | end of month. 
sq. miles. 
1904. 
LIACETAISOR eee eT ye eee ons Se FONE Ce OE OORT aw doh Otek 230 50 0-60 ft. in R. 
1905. 
SRS ORTEN AAs G-hiip SIRS aS ae PERM oR Ae TE ceca IS a oP oa I AD eg eat 200 50 1-09 i 
GD RURT VIR: oracle PR ar acct Goh okie ee stertenmens 150 50 1-39 % 
DIRS! bios Siac covey a Tama ek cao OAPI hac 1, aot CI eG | ci 250 50 1-87 e 
58 ep! pale 5 ils Sin meal ante Rea co Ca Ate Rae GLO RR ie neh eet ena 1125 50 5 +35 Me 
NGI A dig OS cee eee en Sr oe Uy ar, 743 17 939 129 Full. 
WAG PERE ee i ee ee tous 924 16 647 192 5-78 ft.inR 
UAT Vierere eee le ocala: CaO eres Sie aes 429 19 155 85 4-18 
AUST ce cis colen eceun ee tere erent cosleses 409 ie 125 85 3-03 45 
Septembenserse occ eee en cies aie 152 11 148 85 2:00 is 
OCLO DOR ie re aera Seah seer ek 209 10 244 85 1-24 fs 
November........ ee ir et, oe 7 ey Rall bata Se hk ap 324 85 0-72 a 
ender reservoir empty on Dec, 1, 
December ek 2h eshte aeibeeh SON DT a Sele ee 188 50 0.46 ft.in R. 
Empty. 
1906. 
DADUATY ATC ete ek tre Doce eine ALD bi Alls ete ee oa 378 50 1-52: ft, in R, 
Rebruaryin scien OM he Las ARR eee 168 50 1-87 e 
Sa Si Ss seh a ea CYC ee Mae atog cnet 213 50 Se Ta 
Reservoir full on April 26, 1906. 
LN Sal sed aid tus, SERRE IE OR RCRA eens SOS Ve een rae nats 1332 143 Full 
Vetere sce Serer cteredaie. «ele ale seaeieieie she aiesl bs 730 17 690 134 : 
"1 TSR SHEA oe 968 22 642 231 Seg) fsa 
ADI Sits c edhe d-Giaitohes aisicn tienen aay ice aaa 317 35 47 85 4-31 
ENS CCAIR A sora Gin puepols Sin Miedo ee COAT Ree 440 27 160 85 3°20 s 
SLC OLUSIET OVS oe en ae rtclaneeh ae ane eae een Cena 99 24 29 85 1-80 4 
OCtOpenvemet anor tes gE SIS) aco wee 155 11 184 85 0-80 s 
INGOT DOLE Mire iereonr horace ies ete AS halad WI LBia eet eancctre 255 85 Empty 


*Reservoir full on May 10th. tReservoirs begin to drop on June 14. Allow 556 cubic feet per second. 


It will be seen that the minimum conditions give 556 cubic feet per second. If 
we suppose this inflow is reduced: by ten per cent, from June 15 to December 1, then 
the total available water is reduced by fourteen cubic feet per second, or a total of 
542 cubic feet per second. The above reduction will only affect the months in which 
storage is called on, from June 15 to December 1, and will make ample allowance 
for minimum conditions. 

It will be shown later that this minimum supply is sufficient for 10,000,000 tons 
of traffic, assuming present average size and capacity of lake carriers. 

Supplementary sources have been investigated to provide for the demands of 
navigation if the traffic exceeds this amount. 

An additional source of supply from which the water could be brought by gravity 
to the Lake Talon watershed is the Amable du Fond river. Its watershed is shown 
on Plate No. 31, and complete records for this river similar to those for the Lake Talon 
watershed were obtained. 

Gauges were placed in the various large lakes at the head of the Amable du Fond 
river, and discharge curves similar to those for Lake Talon were made, extending from 
June 14, 1905, to the present time. Surveys were made of the large lakes for storage 
reservoirs. The results of these operations are shown on Plate No. 27. After the 
general survey was made which showed that the nature of the ground was such that the 
water of the Amable du Fond could be brought by either canal or tunnel and emptied 
into Sparks creek, which drains into Lake Talon, the detailed surveys were made by 
the parties in the field, and the cost are to be found in the general estimates. 


19a—14 


210 DEPARTMENT OF PUBLIC WORKS 
8-9 EDWARD VII., A. 1909 


The amount of water available from the Amable du Fond watershed is, in a mini- 
mum year, 700 cubic feet per second for seven months. This, added to the Lake Talon 
discharge, would give the total amount available 1,200 cubic feet per second, deducting 
feeder losses, etc., an ample and sufficient supply for 20,000,000 tons of traffic. 

When vessels leave the Summit going westward, they enter Lake Nipissing imme- 
diately. 

Going eastward, after leaving the Summit, the canal follows the Mattawa river 
to Mattawa. The two principal feeders of the Mattawa river are the watershed of 
Lake Talon and Amable du Fond river. 

The character of the Mattawa river will be slightly changed, giving an additional 
water surface of 1.15 square miles. 

The increased evaporations will amount to 3-3 cubic feet per second. The other 
feeders, exclusive of the Talon lake and the Amable du Fond river, will more than sup- 
ply this, so that no additional draught on the Summit will be necessary. 

Lake Nipissing, forming such a practically inexhaustible source of supply for 
canal purposes, its discharge being 3,600 cubic feet per second at low water, em- 
phasizes the advantages which would be obtained if this supply could be made tribu- 
tary to the summit. The cost of bringing 700 cubic feet per second from the Amable 
du Fond to Lake Talon by means of a gravity system will be comparatively heavy, 
and will be found in the estimate for the feeder. 

For the purpose of comparison, an estimate of cost has been made for a pumping 
plant with which to supply the Summit from Lake Nipissing. It must be remembered 
that these supplementary sources of supply are only to be called on in case the amount 
of traffic exceeds 10,000,000 tons. A pumping plant has been designed which would 
take the water from about 1500 feet below the entrance of the locks to Lake Nipissing 
and discharge it the same distance above the upper entrance against a head of twenty- 
seven feet. 

-There are to be five (5) units each consisting of 1,000 H.P. motor, direct connected 
to a turbine pump of 200 cubic feet per second capacity. These pumps can keep the 
summit reservoir full and could be closed down for two months while the demands of 
navigation are supplied from the reservoirs. As they do not require to be run in the 
winter time, any repairs necessary can be easily made and the depreciation decreased. 

The approximate cost of this installation, capitalizing the operating charges and 
depreciation, would be $40,000 a year on a capital outlay of $1,000,000.00. This is 
estimating on a separate power-plant at Deux Rivieres and a separate transmission 
line to the pumping-house, but as power will be required for lighting and operating 
gates on the Summit reach, this cost might be reduced by amalgamating the two 
systems into one and doing the pumping with the power when it was not required for 
other purposes. 

As the supplementary systems are only to be called on in case the traffic exceeds 
10,000,000 tons, the comparative advantages of the two systems, gravity and pumping, 
can be considered at greater length, before their installation is required. 

It is understood that an objection exists against depending on pumps for the 
supply of the canal. Due consideration should be given to the fact that 95 per cent 
of the civilized world is depending upon pumps, both for the protection of their pro- 
perty and their lives, and these pumps are, practically operating without interruption, 
It seems that the prejudice against their use is unwarranted. 

It is true that in no large canal has such a principle been resorted to for supple- 
menting a deficiency in the water supply. Although such is the case with large canals, 
conditions at the Summit of the Georgian Bay canal ‘are peculiar, in that, Lake Nipis- 
sing furnishes such an inexhaustible supply immediately to the west of the Summit 
that any engineer investigating would endeavour to find means to utilize it. In many of 
the smaller canals throughout Europe, pumps have been installed to feed different 
reaches of the same canal. 
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With the introduction of the electric motor, and direct driven turbine pumps, 
pumping particularly with low lifts, is cheap and free from chances of interruption. 

In the Amsterdam Ship Canal (one of the largest ship canals of the world) the 
reverse process has been used. This canal serves as a large drainage canal for the 
marshes through which it runs, and up to a few years ago, this water was flushed out 
‘py flood-gates which created dangerous currents. A large pumping plant was installed 
to pump the excess water from the canal. This pumping-plant has been a success. 

The sewage of many of the large cities of the world is pumped with lifts from 
three feet upwards. Such systems are installed in Chicago, Boston, New Orleans and 
several places in the Mississippi valley and elsewhere. Their use has been a success. 
Some individual pumps are pumping more per unit than those proposed at the 
Summit. 
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SECTION 2—SUMMIT REQUIREMENTS. 


The summit supply of a canal must usually furnish sufficient water for the fol- 
lowing requirements :— 


1st.—Power for electric lights. 
2nd.—Power for operating gates. 
3rd.—Leakage over spillways. 
4th.—Leakage of the gates and sluices. 
5th.—Evaporation and seepage. 
6th.—Filling the locks. 


Of these, the first, third, fourth and fifth are not affected by the amount 
of traffic. The second and sixth are directly proportional to the number 
of lockages. 

After consideration it has been decided that the power for electric lighting and 
for operating gates, if electric power is adopted, should be brought from some outside 
source with a supplementary installation at each lock in case of interruption of the 
main source of power. 

As the supplementary power is not likely to be required, and only in exceptional 
circumstances, and for a very short period, its installation cannot be considered as a 
draught upon the Summit supply. 

Of the third item—leakage over the spillways and waste-ways. The main 
spillway is located at the foot of Talon chute, with a length of 220 feet at elevation 
GTi. 

The maximum summit level will be at this elevation and the water to be used for 
canal purposes will be stored in the Summit reach from elevation 671 to 677, and in 
other storage reservoirs. 

Considering only the case of a minimum year, these reservoirs will be filled on 
April 30th. They will continue full and overflowing until June 15th. The entire 
leakage over spillways will be that caused by the wind dashing the water over in 
waves, but the loss will not effect the Summit supply as long as the reservoir is over- 
flowing, but only from June 15th on, for, probably, a month. 

The spillway with a length of 220 feet will have a leakage due to one inch of head 
of 11-7 cubic feet per second while, for two inches, it would be 33 cu. ft. and for three 
inches, 64-7 cu. ft. The west wind is the predominant wind at the Summit. From 
March 1 to Sept. 30, 1906, there were a total number of 95 days on which the wind blew 
from the west with more or less intensity. As the spillway can be arranged with 
splash-boards in case of excessive wind-storm, the losses from this cause could be but 
slight. An allowance of fifteen cubic feet per second, however, is made, which is 
ample. 4 

The fourth: the leakage of the lock gates and sluices, is an uncertain quantity 
and, although the water supply for canals has been investigated and discussed many 
times, there seems to be no accurate determination of it. It varies with the character 
of the workmanship and the design, and there is no reason why any great amount 
should be allowed for it. Some experiments were made at the Soo to determine the 
leakage there. 

From these and other data, the Deep Waterways Commission of the United 
States reported that the loss from this cause would be from 50 to 60 cubic feet per 
second for locks of 740 x 80 with a lift of 20 feet. The Inter-Oceanic Commission. 
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made various assumptions, the final one being 225 cubic feet per second for double- 
locks, two with a lift of 284 feet and two with a lift of 424 feet. The locks are 900 
feet long and have a width of 95 feet. 

In consideration of these two reports, with the other data available, it would 
appear that 60 cubic feet a second would be ample to supply any possible loss due to 
the inefficient working or construction of the gates and sluices, and with careful 
construction, could be materially decreased. 

The fifth consideration is evaporation and seepage. With ordinary construction, 
seepage through the dam should be prevented. Seepage through fissures in the rock 
is not expected to take place, but ten cubic feet has been allowed to provide for this. 
The evaporation from the lake surface has been deducted from the available water 
supply, as will be seen in its computation. It will, therefore, be reasonable to assume 
that the total losses or draught on the Summit supply from all other causes except 
lockages, amount to 85 cubic feet a second. The quantity of water remaining for 
lockages is 550 cubic feet a second.- The number of lockages which a water supply 
will give has been studied many times. 

It is reported on as follows by General Henry L. Abbott in Appendix E, of the 
Report of the Board of Consulting Engineers for the Panama Canal, 1906. 


USE OF WATER FOR LOCKAGE OF VESSELS. 
eh eG 


Q =A lock full of water = horizontal area of lock chamber times lift. 
D =Displacement of ‘vessel. 
N = Number of locks in a flight. 

The amount of water required to lock a vessel depends upon the condition— 
whether full or empty—that the vessel finds the lock, and also upon the direction— 
whether up or down—in which the vessel is passing. 

There are four combinations of lockage. Following is a statement of each of the 
four combinations of condition, with a formula giving the amount of water which 
must be used for each condition. The formulaes are Blot and are for flights of 
locks. For a single lock, make N =I. 

First: The ascent of a vessel next after one has descended, for which case the 
volume of water passing the upper gate is V—=NQ-+ D. . 

Second: The descent of a vessel next after one has ascended for which case 
the volume of water passing the upper gate is V—D. 

Third: The ascent of a vessel following one which has ascended, for which the 

volume of water passing the upper gate is V=Q-+D. 

Fourth: The descent of a vessel following one which has descended, for which 
ease the volume of water passing the upper gate is V—=Q—D. 

All these formulaes contain the uncertain term ‘D,’? There are, however, two 
considerations, either one of which will cancel ‘ D’ 

In both formulaes for descending vessels ‘D’ has the minus sign. The principal 
use of the formulaes is to obtain the amount of water drawn from the Summit level, 
and as all vessels which ascend to the Summit must again descend) it is evident that 
in getting the total amount of water used the displacement of the vessel will be can- 
celled. 

The second consideration is that the first two conditions. are equally likely to 
occur. Therefore, for vessels passing in alternate directions through a lock, the 
volume of water used per vessel is:— 
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The chances are also equal that the third and fourth conditions will occur. 
Therefore, for vessels passing locks in succession, the volume of ‘water used per 
vessel is: 


D —D 
Q+ ase a6 


V= 

It is not so clear that there will be equal chances that vessels will pass the locks 
alternately and in succession in a canal with a system of double-lockgs with quay or 
tie-up walls at the end arranged as they are in the designs for the Isthmian Canal 
locks. : 

The quay walls are arranged for the greatest convenience of vessels passing in 
succession, all up-bound vessels using one lock of a pair and all down-bound vessels 
using the other, and if the number of vessels should approach at all closely the capacity 
of the locks, no doubt the lockage would be arranged in that manner. Even if the num- 
ber of vessels should be small it is probable that for the sake of convenience all vessels 
will be made to pass in succession. It is assumed, therefore, that such will be the 
ease. The assumption is on the side of safety. However, let us assume for the 
moment that the chances that the vessels will pass the locks in succession and alter- 
nation are equal. In that case the volume of water used per vessel is:— 


N N+ 2 # 
v= ( NS +0)=4 a 


At the Nipissing end of the summit, the lock will have a maximum lift of thirty 
feet when the Summit level is full and a lift of twenty-four feet when the Summit 
is at its lowest level, or an average of twenty-seven feet. At the eastern end there 
will be two locks in flight with a thirty foot lift. These locks will be 650 feet 
long and 65 feet wide. Q, therefore, in the above formula, will be 650 x 65 x 27=1, 
130,750 cubic feet for the western end and Q=—650 x 65 x 301,267,500 cubic 
feet. At the Nipissing end when N—=1 V = Q, and at the eastern end when N= 
2 V=Q. Each vessel passing through the Summit would use 2 of 1,140,750 ++ 
1,267,500 = 2,123,060 cubic feet. The total available water supply in a minimum 
year is 542 cubic feet per second. This leaves 457 cubic feet available for lockages, 
or 27,420 cubic feet per minute, which would allow a boat to pass every seventy-eicht 
minutes, that is, there is sufficient water to furnish lockages at the rate of eighteen 
vessels per day. Although it is impossible to prophesy the style of traffic, for the 
sake of computation, it might be assumed as similar to that at the Soo. From these, 
an allowance of 2,500 tons per transit would seem to be correct. This would give 
47,500 tons per day or approximately, 10,000,000 tons per year. 
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218 DEPARTMENT OF PUBLIC WORKS 
8-9 EDWARD VII., A. 1909 


TABULATED STATEMENT No, 4. 
LAKE TALON. 


Current Meter Measurements. 


Drainare of sake Lalon cys cis etswsa cnet oiste tate eee eee eh ere 334°0 square miles. 
ATCA OL AICO eel OM ee enc oer ere Laat Sete oo aeg mere eae e  e ee 5. LS 
Elevation of zero of Lake Talon gauge above sea. ..........5.......-- G31 °82 ee teet. 
Elevation zero of Lake Talon gauge, April 26, 1906, to June 16, 1906.... 637.69 is 
Klevation®zero of Pimisi gauge, July 17; 19068... S225 Jee ne. ee osSZnat aS 
Date. Pimisi gauge. Discharge. Remarks, 
Hebar 25. LOS kit theses ee eee | 583 -97 255 ‘Sectien not suitable. 
EPR gee Ces LOO S cones Gusts Stain 583 -94 245 | . 
“os EAS aa OB Yoo ae panacea Nas Pricey A 583 -92 259 a g 
Maret: 1905-2 ese non ee 584-10 200 ‘Talon Chute Narrows. 
SE nA Ees RIM TLOY 8 Jays err catite molars tin stor 584 -08 197 Below gauge below Pimisi. 
Seat LOH uretacns cu jcrt as ees 584-08 200 ! « é z 
GAME? el DO Same ennes i ceioae ee te 584 -46 337 Talon Chute Narrows 
RAED LALO atitand ethan ane os ata 584 -46 alayre u f 
ROS LOUD N etn ons eno 584-49 304 “ «“ 
AAT EDAD cit Bie ak, ee. 585-51 680 : : 
Beh OOS cotercssrs teeters eons 585-51 658 « ‘e 
PRL Oe 1 90D Santee aipoe ee oc eeet 585 -66 878 « « 
pnd Os 1 OOD ater cn cere ese ek ote 585 -66 Pa S “ 
He ULOS TOO Sais seam sean. eet ek 585 -66 859 5 as 
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Ree OOD ose eke Seer ens 585 :76 918 ae e 
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pea) 5 QO ae « Gaens ks naan emer: 584-20 253 s ss 
(Talon dam closed 10 a.m., April 19.) 
pee Os. LOO De ites rote ea a oe 584 -20 254 Talon Chute Narrows. 
eos (905i ria ee ee are 584 -22 202 a < 
ne (26 OOD et en ee er nee 584 -22 220 ee 2 
Miavaeeel S bOOS. styrene er ence 584-78 427 is 
ae LS" 1OO5 one nr eee 584-78 468 . ss 
i! 2 19005? acti eee 584-81 496 8 % 
£ 41905. tha eee 585-17 601 ‘ 
* 4 A905 acetic ee 585 -17 613 “3 - 
& 6) 1905 ee ees 585 +23 626 2 as 
is 61905 25 eee re 585 -23 592 «“ ie 
9 1905 ai adage) opetre. shia) Wikeiate met le ke 585 52 736 “ce cc 
rf ONT 90S sa oceeraee eeeee 585 -52 828 a 
z Us il EA Os Seiten, Rhea onion eal en. 585 -41 ou ic . 
PS ek GOD. a scutes eee 585 -41 670 < a 
~O « CETNG a EY 0 fs ROS ie icv Nese Ga 585 -43 704 v : 
ee G81 905... eee ee 585 -43 697 ee e 
Bee 2 LOO Ds oe oA ee ea eens 585 -8% 849 ss : 
Le GPRM NG Oates ARAN cee tecraiic, bic 585 -81 902 ae is 
NEMO wl 905. :.cris Sieve sai eee 586-11 918 Dammed by logs. 
EOL OOD ces oe genet eee 585 -59 312 Taken through logs, unreliable. 
ee CLO D Sos a ie Soe 585 -68 220 Dammed by logs. 
SOs OOD hie alsooees ee 586 -23 1,150 Talon Chute Narrows. 
SEG LODO S oe ars, hoon weet 586 -23 1,099 |.See letter of June 29. 
RE LOO crictec euceses Gis tees 586 -21 1,186 /Talon Chute Narrows. 
MES AL OOD. oo - bcd ure ces hone 586 -21 1,098 “ “ 
UtleyaeS ML OOD vtec s~ a1'e.5, Sraterowaeee 583 -41 | 65 '150’ below gauge below Pimisi. 
ATMO OUD: ars cia c'e Seta Gare 584 -29 135 |Pimisi dam opened, Talon dam closed. 
CS (SL OO) Yeah nc) ccna der geen 584-11 eae ‘Pimisi dam opened 1 gate, Talon dam closed, 
ULMER LO OG ore eta; = 5 sine ce vie ohare 584-19 222 
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SESSIONAL PAPER No. 19a 
TABULATED STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 
Marcu, 1905. Apri, 1905. 
STORAGE. Discharge STORAGE. 
Day. Discharge. o Alou — oo Total. 
Talon Lake| Chute. Talon. | Trout. Turtle. | Nasbonsing. 

is. 140 — 37 610 520 | 251 68 200 1,659 

22 135 — 37 630 520 251 68 200 1,669 

Daw 143 — 37 660 520 251 68 200 1,699 

A. 5 150 — 37 690 520 521 68 200 1,729 

Fred ae eee 160 — 387 720 520 PAR 68 200 1,759 

6... 170 — 37 680 520 251 0) 200 1,831 

hes 180 — 37 885 520 on 100 50 1,606 

Sancra tenes ober? 190 — 37 870 130 125 30 0 1155 

9.. 200 0 850 130 125 30 0 1,135 
103% 210 0 840 135 125 30 1) 1130) 
ie hee 208 0 850 130 125 30 90 250 
Pee 206 — 80 870 130 145) 100 eT 8) PALS 
secre 204 — 85 880 130 95 25 °0 1,220 
14... 200 — 80 910 130 95 25 SO 5250 
Use 198 — 80 950 0 95 25 $0 1,160 
Gor 196 0 910 — 120 95 25 90 1,000 
iiss 195 20 890 — 120 95 25 90 980 
Lee 193 37 870 — 120 95 ae — 100 770 
19... 180 oul 850 (@) 95 25 — 150 820 
OA 195 Sue 260 400 95 PANS 50 830 
Dimmers ciate. 220 — 182 230 400 100 — 650 — 100 580 
2D are 230 OU) 230 400 100 + 20 — 650 700 
Pea ie 230 — 100 240 400 100 + 20 0 760 
24... 225 — 40 240 400 100 20 (0) 760 
ose 230 0 240 400 100 20 50 710 
26...% 235 200 250 400 100 20 — 50 720 
PH heap 230 206 250 400 100 (0) — 650 700 
25253 243 300 300 400 100 60 50 910 
20 men 260 800 360 400 100 60 100 1,020 
BOM. 300 825 390 400 100 60 100 1,050 
oiaee 410 3. fener ere cece Piha Skeets Coa) Be eae COUR: ences Lea Breer goes) Oe ea eee 
PMT is cool ath ta. T5081 b Woot c son tokooel Lon aI UN Se 33,752 
Er REOe fe ls chicks umd Stns, Me ein GIG NOe at eon aia soca any RRR ae ee ete: 1,125 


220 DEPARTMENT OF PUBLIC WORKS 
8-9 EDWARD VII., A. 1909 
STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 
May, 1905. 
STORAGE. 
Day. Discharge, -—————-——_____________ Total. 
Talon Trout Turtle. Nasbonsing. 

Leen ge ae AAS RL oe Sete ee Oia AT EL 420 500 25 50 0 1,095 
ONE R Nees an! easy Oecd NELLY a toe eg AP 470 367 125 50 — 25 987 
Sai cs 1a aR ie REA ee en Dg 500 367 125 20 7S 1,087 
Cc 1K °C oe ao eM Ps rig 600 367 125 20 100 1,212 
LR Me ck shiny sce Ses I I es, Ck se RI 610 300 125 60 20 eels 
(11s iss RENAME 2) aM es So 640 250 125 50 20 1,085 
eRe waar hs, She aR ek, oe eR 670 200 O25. - 60 20 1,075 
SB SU els co ciel! APR ee he 700 200 125 60 20 1,105 
Dain ©, See R AMER REMI tis Me Werle rE COMERS. UN 770 200 150 60 50 1,230 
TOP ar eta fei ctewle Meee tl Ves aati 780 50 150 40 50 1,070 
(2 on sol ue aC gen an) eam FOE 740 — 122 150 25 — 50 743 
HIDE S.A OO ie ena Ci 710 — 122 150 60 — 650 748 
ES ernest eect Stns eae ners on Sa" Poa ry 700 — 122 150 60 25 813 
JIL ¥, Lest Oem ga 10 Oa i EON 8. Ag a 680 0) 150 60 25 915 
VA ae ne Re net ork 8. See ER MD Eas a 670 0) 150 60 OAs 905 
VO See ais: eather te hation sister arte: 720 200 150 — 60 (0) 1,010 
UPN aS art, AG us ke ch eee 970 366 9) =) BNO 2% 0) 1,326 
LS tee eee ween ee Veta atl. 1,000 300 ne 0) @) 0 1,220 
AO Une Lat DPR Gorm, atl ah Wea 1,010 29 — 80 25 — 25 959 
PAU ise eka care ea ee eee eR oD 1,010 29 —- 8g0 —- 30 — 650 879 
PAE 8 (a acts neh OMA CeN a tae RR Date Oa 980 —) 153 — 80 0) — 50 697 
2 Re ae ye eos eee eee 930 aay cs — 80 (0) 0 700 
PS eat ic, IRE SERIES hl Va aS RP SSS 880 = LUGS: — 80 @) (@) 657 
RBA 6, OO Ce CRE nt ee ie Eee ae 840 eel) — 8&0 O (0) 610 
2 RES Seay eae eRe Radke NN irl ae RL 760 — 150 — 8g0 0 0) 530 
D6 te oats Fe eee EA 740 — 150 — 8g0 — 25 (0) 485 
Oo i OARS LP) aR a MaRS oP 720 — 200 — 8g0 — 25 0) 515 
PAC Win FCoE PE a At aE te eat aie aaed 700 — 217 — 8g0 — 10 — 200 193 
DAG AE SYN RATIFIED i A 680 == PAIL es — 8s0 — 20 — 200 163 
BD 0 URE ROLE RRURE or ee eR oe 705 0 — 8g0 ~ 10 — 200 415 
Oe Sei eae Awe ee 700 0 —- 80 — 30 100 690 
ERO GAL eu: cena ne: De PUD 1 Wield vag ieee Nie. elie shee lh: CaM ae 25,034 
ANOQASG: Sedans CBS Gs Bin tata eallaper SA aee dat ane OL ame eae Alea 839 
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SESSIONAL PAPER No. 19a 


Day. 


ois, © a etre © (0 


STATEMENT No. 4—Continued. 


SUMMIT WATER SUPPLY. 


JUNE, 1905. 
STORAGE. 
Discharge. |- ——___—__— ee 
Talon Trout. Turtle. Nasbonsing. 
90 10 50 10 8) 
720 — 20 50 10 — 200 
700 15 50 10 — 200 
590 ily 50 10 100 
490 110 50 10 50 
940 — 50 50 10 50 
700 — 200 50 10 (0) 
500 — 200 50 10 50 
150 — 300 50 10 0) 
810 — 200 50 10 50 
840 — 200 145 30 @) 
860 — 200 145 30 0 
1,180 — 360 145 30 200 
1,190 — 390 145 50 200 
1,180 — 350 145 50 | 0 
1,150 — 325 145 50 @) 
1,150 — 350 145 — 60 25 
1,150 273 — 250 — 60 25 
1,150 50 — 250 — 60 25 
1,305 — 380 — 250 — 75 25 
1,160 — 300 — 250 — 300 25 
20 — 300 — 250 — 25 — 100 
1,080 — 330 — 250 — 40 50 
1,020 — 380 — 250 | 60 — 100 
1,000 — 480 — 125 50 — 100 
940 — 540 — 125 — 25 75 
910 — 620 —. 125 — 25 75 
— 840 — 655 — 125 — 25 50 
700 — 550 — 125 — 25 — 75 
500 0 — 125 — 25 — 75 
AF Jy iG 5S Re RRR ea SSR a NRRL tree rosa PA In MPR 
OD Ae rae eto elon Cr os 20 Ms er ee | ab GS Se 


Evaporation. 


ee. (e octet of eH ef are ele 


221 


Total. 


19,427 


647 
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DEPARTMENT OF PUBLIC WORKS 


8-9 


STATEMENT No. 4—Continued. 


SUMMIT WATER SUPPLY. 


EDWARD VII., A. 1909 


Juty, 1905. 
| 
STORAGE. | 
Day. Discharge, |— = ——— -—-| Evaporation: Total. 
Talon. Trout. Turtle. Nasbonsing. 

Teevete hs 6.2 Scat eae 250 | 0 — 66 0 9) 20 164 
SAME oh Cee ee oe eae ane 210 — 150 — 66 — 60 O 30 - 96 
3 AU 2) SER GERRI CRS, Tea = 180 180 — 66 — 60 0 25 209 
2 Wk ol ah See RL Sg POP Re 180 — 20 — 66 30 — (30 14 80 
Syieteaces eA chaotPatous, Seale 190 ie — 66 — 30 — 400 7 41 
(hese + GST Py Rae U Gente 150 272 — 66 0 — 190 0 164 
Cet eae tea” eeee 130 272 — 66 () — 190 38 108 
SMe eau ee 95 272 — 66 30 | — 190 13 118 
Ue a SOs ae are oe ee 160 272 — 66 — 40 — 190 25 jt 
LO rere ene ec s aowd 220s 272 — 66 —- 40 — 190 25 171 
STs Sepetee coica ra MS oo Recs taae te 200 272 — 66 = 550 — 200 Zo 151 
Leese Phe setae o. 3 | 140 | 272 —- 66 | — ‘30 — 200 5s 111 
TESS oS Sa aa ce ree A 90 272 — 66 —- 40 — 200 0 56 
tASretne a chose aie ee: 70 272 —- 66 0 — 200 30 46 
LD reese oits iene feb ereieai Share. al| 70 212 — 66 @) — 200 25 51 
NG: 70 ie — 185 — 45 — 50 0) B4 
A fst 5) et en ake pane BEES 80 212 — 185 — 75 — 650 18 24 
a Lhe) Steere ere ame 930 242 — 185 — 70 300 12 1,035 
OT raemee as: is neuer, ae : 1,050 272 — 185 — 66 — 100 30 947 
> OMe ees eee es L030 — 424 — 185 — 60 0 Fi 354 
SL AE Ai aA gE ea 300 — 424 — 185 — 30 0 25 — 364 
PIAS es RA ape A Aa 150 — 424 — 185 — Gig) — 100 (@) — 579 
SS NOR ahs ale Sie a he 600 120 — 185 nde) 50 38 A472 
ATA Tock ciao te Cerurciy G 1,040 — 433 — 185 aon fie) 50 Oe 345 
ed Meseder s,5\'s jor eat eetel spay er 1,080 As3 aS 0 50 20 “1 499 
Cos, SN a 960 — 433 — 185 — 50 50 10 wa «= 332 
7.1, 5 ARR a nee 900 — 433 — 185 — 10 — 75 |- 18 179 
Dabo cS’ 5, ah REET Renee eae 780 — 433 — 185 — 10 50 0 202 
2G BR Sete Lear etedtee) Pe 730 — 433 — 185 — tO — 70 30 102 
S10 Rs nha aaa ed Cena 650 — 433 — 185 — 10 ) 31 11 
£34] Ue). ae a eRe ORC 2 te 620 — 433 — 185 0 0 | 33 40 
Bota? (es hae TLS SOR ol Pee. Ct Oem nt eee ae | 606 4,768 
Average..... 429 Dc ea Ma MORSE PIRES. Gol eRe aires | 19 155 
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SESSIONAL PAPER No. 19a 
STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 
AUGUST, 1905. 
STORAGE. 
Day Discharge. - Evaporation. Total. 
Talon. Trout. Turtle. Nasbonsing. 

DA ne 2 SO a 610 —350 —— 25 (0) 0 5 130 

II VRE 9 yi oy Vs ota es 600 ——34(0) =e 0 1) 13 122 

SIRI aes ath ce 2k dic 590 Seay ——1'25 S53 0) 38 — al 

Zl 0 5 SRC aE FEBS Siete 580 SBI: ie =H (ls; 50 14 83 

Ia, x Ferg eee eee ee 570 =e —1'25 ao 0) 14 val 

(itive do 4 Ree ei Aen eee 550 —290 —— Loo ¢) 0 27 108 

be oy 4 CNS en A Ieee Ae 540 —260 SS: 0 @) 27 130 

I is oS See at Se 510 Og SAS (0) OO 13 75 

SO es ioe Se Rete 350 —197 a 4S 0) a) 13 a 

AO eM ate es eek stoke 340 Og == (i) =a) 0) a 4i 

TG Ls. £6, Oe a ie errs ae 330 =I NO F¢ OU =) 0 75; 18 

NA 4h SoS Once CT eS Hes 300 ——— OO) — 50 —25 == 768 ve 87 

a tos og 1? fee ie oe Re men 2 400. @) —= 50) —25 —— fo 30 220 

gy: ie EE ae rere eeee ee 670 —310 == ‘0 —20 a5 ES 13 197 

eee eerie here weer es 500 —200 = Itt) ee a he 13 147 

A Geet Rea okce ao coer aca 440 0) — 50 (0) @) 25 365 
i hia. 54 oe an eee 400 = OA ee — 50 et) 0) 25 275 
Yes es an <n ee 400 — 68 OU 0) a) ik! 269 ° 
SIC 14. 0 Acme tes eee een Re 400 — 60 — 50 Ore: QO 25 265 | 

Daas ko one 3 sages 400 45 = 50) —40 i) 20 335 
0 ye = 0 Sic ee ea en hg 400 20 —— G0) 0 0 23 Sotees 
PAA | Sak a IRE Mie EN 400 > 0 ol SSI O 13 Slee 
Ae We REN cia aE EEE rea fe 400 O ae 10h) meat 0 30 295 |; 
DED. 4 | ARTS! Ri nes co ao 400 0 — 60 a is O 13 Sie 
PAS ee. se ae Ba SF 300 SE: == (6 le 200 25 SS ES 
1G pies a Oa 200 SAGE =a) Sa) —200 ies} Sel 
OER ore Se 70 50 en CU) SS) —100 13 = Sey ee 
DS a6 ale Ww Ske ee 380 —220 == (a) Saal —100 iS) —— AS oy 
DO Mage, Says ovens oo ee 350 Ord —— 60) —30 —100 10 ae i fat 
1 Een eo neh aera wea caeaee 160 90 — 60 0) 300 10 —120 } 
6 Rel cee i ane ae Rete eae 150 182 tO) 0 100 25 347 1 

(otabees-en4 12 BOO Hite ie cers liao rhea ew Ne Aare ce 546 3,876 

Average...... 7.1019 etal tease Peel eee er Mee Spek One same Rear vail tau, tos. sD aa en Bon ee at 1% 125 
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Day. 


Sietareie! ie) © (6.6 is Je 16 bers: eis 
Siar akeel le «6 0° sce, w ue hele ve 
Sie eee 0.6.» 0.0 “allie elke. 
OSnale 0 (v6) wie: ‘elie 6:6: (0) ee 
iets Ss ue) © eo eh) wile is ce lel e fe 
Se NGas: 670, le, 0.6) (4) a0) 8.9) 0718) 
ie heel. ele) )0\ sae ele aera x 
Caters (s! Bue OH ye,/0 6) @ fe ele 
Gre tadiniie lec wie. 0 eens, (6 Ne, ko: 0) 16 
e/a PERIAG Ceese. 8 \0) ie (eco \ep a e)e 
Qvaterd) © 0.6.10 6, l¢, 0/0 le\ ea) *) s 
Osea et Pl Biel ve oe wie ei veise, Se 
elahel Bue ©. \@) leila; te) m ).6. © 1ah.s 
Su Drum: ic Cmca anny 
erase ARCs: © lelfe (e ieee) '91 0) O18 
oop teeter eee eee eee 
6 eteiele 18 lee) 9." \9\i6, sofas) 6 
eeoor te eee ee we ee ewe 
oilers. 61160. 1 ¢"s G81 6 © la) ee 
eh Bgye Re SS) 6).0) 606 Je) ee. es: 
Celie ioe wiles jee! =) 6 Oem, ‘s 
Oe eee O68: 109. awe, 0 0, ie. o: Ie 
rea mnes €) © 0) les wi Sele! mike) one tate 
DUpMLm 1s) he. (0) 2, Loire im! ete) alyeyia, 
Oe et 08 8 et ee ee wie wm 
ecwie Lae 16 tle (6.00 we a veleyisy ers 
SENSIS Ue) te Lekie'ler ie’ ewes) [oie 
wisle @)6 © © Bc 2 «© © © 6s 
eeee Ce we ee eee cee 


je wlane 2 e078 (ee a, 0, 6 9.0. 8 0 ie 


Discharge. 


8-9 EDWARD VII., A. 1909 
STATEMENT No. 4—Continued. 


SUMMIT WATER SUPPLY. 


SEPTEMBER, 1905. 


STOARGE. 

Talon. Trout. Turtle. 
—— Oo] 1s 15 
0 15 20 

40 15 20 

95 15 (@) 

95 15 (@) 

(0) 15 (0) 

O 15 () 

@) 15 0 

0 15 0 

— 50 —100 —30 
—100 —100 —30 
—109 —100 il i() 
— 75 —100 —10 
| 75 —100 3) 
91 165 60 

0 165 30 

200 165 0 
167 165 0 
167 165 60 
167 165 60 
167 —— 0 —25 
50 — 50 —25 
—100 — 50 —25 
40 —— 50 —12 

0 —-| 50 be 
—100 — 50 — 0 
—100 e= io) —10 
—100 ——' si) 4 
100 oe) 15 

0 — 50 —15 


—-——| Evaporation, 


Nasbonsing. 
75 18) 
a7 25 
40 4 
40 4 
40 4 
40 8 
40 12 
—100 6 
100 10 
0 12 
0 6 
0 18 
— 50 14 
100 10 
0 2 
0 5 
140 7 
140 rf 
140 4 
0 25 
0 25 
0 18 
0 18 
—150 16 
—150 16 
—— 150 21 
—150 16 
i 12 
— 150 14 
—150 12 
sia WSS Bea uees 351 
sented teyct aaa 11 


Total. 
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SESSIONAL PAPER No. 19a 


STATEMENT No. 4—Continued. 


SUMMIT WATER SUPPLY. 


OCTOBER, 1905. 


225 


Day. 


Laie 2! © Bb te 0! 9) 8) «0. 66 o @ & 


eoeeee 


“ Average... . 


19a—15 


Discharge. 


STORAGE. 
Trout. periee (eee Turtle. 
Or | 0 
—= Ap) 0 
— 50 | 0 
= 0) 0 
EN) 110) 
== 8530 Shih 
= GD) —15 
== 50) Slee 
== A Sle 

65 —15 

65 40 

65 45 © 

65 50 

65 0 

65 8) 

65 O 

65 (6) 

100 68 
100 60 
100 70 
100 60 
100 0 
100 0) 
100 30 
100 0) 
100 45 
100 (0) 

6) 50 

@) === ii) 

(0) he (6) 

0 10) 


-——| Evaporation. 


Nasbonsing. 


Cho 8) 6, os Kol eke es sxels lee ee 


O80) 609) Ore) wi Wrens 


Total. 
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Day. 


DEPARTMENT OF PUBLIC WORKS 
8-9 EDWARD VII., A. 1909 
STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 


NOVEMBER, 1905. 


ee 
——$—$—$— $< 


STORAGE. 


Discharge, }———_——$———_ | Evaporation. Total. 


Talon. Trout. Turtle. Nasbonsing. 


ee eee eee ee | ee SS 


390 — 90 50 20 ) 270 
350 — 90 0 0 | Be AG 
335 — 90 — 75 —30 ey | == 56 
338 — 90 55) a —30 —211 — 68 
350 180 — 75 10 —211 254 
370 185 — 75 —16) 911 259 
380 180 is —10 —911 274 
400 180 — 75 —10 Sot 294 
420 180 ey =—=1() — 9231 304 
430 180 = 75 —10 9 314 
435 205 — 95 —10 —211 EB 344. 
440 180 — 75 10 211 5 324 
470 180 0 10 — 911 es 449, 
470 180 0) 10 —2il s 449 
470 185 —125 10 eS i 2 325 
470 180 125 10 O1t = 324 
470 — 90 195 —60 211 is — 16 
470 — 90 125 —60 er) te =="16 
470 0 125 50 911 2 434 
470 0 125 = 50 0 645 
470 — 30 125 50 0 615 
450 — 30 — 40 +—20 150 510 
430 — 30 — 40 90 0 340 
30 —150 == 40 at 50 270 
410 TAG hoe ee) 96 50 260: 
430 140 =a) 90 50 280 
440 146 IO 20 50 290 
430 140 170 50 50 840 
410 =—=B10 170 50 50 990 
435 — 80 170 50 50 625 
FO, Oy AOE CO oe ee hen Alay ee a1 on ee 10,162 
Vy eI co) SER eat EUR Di Is ome eal as eA) Gant pret wpa d! Varco pat aa) 1) 324 
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STATEMENT No. 4—Continued. 


SUMMIT WATER SUPPLY. 


DECEMBER, 1905. 


Day. 


Slevig- 0) Se) jee Kee ee eels 6).n 


wher si8 0) 9 4 6 808 = Ble ae) ee 


eeet steerer rsversees 


lg wets Oe)0 a) be 4\"s\)s <0: fe 6) <0 


ke <Om ea aoe ORC ORC 


a Sheth (ee 10S [0 = eas ere ise 


She eees #6, (80 eRe kw) ees 6 va: 4,8 


Se ASRS ef 0) ©. (0, ej eucesre! lel «01s 


SLoneiel.ee 9) 0) 9,9) e/1eh10, 61's) ¢\0 


PAG furee 2: le) {6 e100 (ee. 6. 0 els 


analy ® © #00 0 © \6) 6.6. @ 6; 6 06 


Sie tetewe ie) ©) © (elle 6: a. © le lows 


eee tr te ee te em ee ewe 


era. ek coin el) 6). e epie. al en's fore 


eerielieite) se) .~ 4. i9) 8" we 6.0 eins: 


wie! pele elle] le) 10/6: 0,9) 6) 6: ey © 


BF e) SKS 18) Cds iw.9. 0, S10 ele, «(0 


Sieatie elle « ope 6, oh.6 a 10) 0,6: \s 


Bienes? ede) 616 616, 8 (9 © 9) 10. oe 


weer ere eee rere eee 


ee) e) 6 18) (ee, ©: 00) Qi pve, 6) @6 


plea syeus! ss) © 4, 0: 8's & ¢ 8) « 


Sir CMY CeCe) aa tt a 


fe ieeeiale vet's, 6 sole leleceie 6 (6 « 


eae) ee! el ei ep winei exe eulerme. Jol: 


Shatace latte: .w lel 9 <s os) (ete et s0 


e. er S sie! 0) @ 6 


Discharge. 


-———| Evaporation. 


Nasbonsing. 


Spe fetor ele er sh ale 


STORAGE. 

Trout. Turtle, 
@) 0 

(0) 10 

@) (8) 

Q (6) 

0) 10 

0 oe 

(0) 0) 

0 0) 

0) @) 

(0) 0) 

(0) 0 

0 0 

0) (0) 

0 0) 

0 (@) 
—200 —68 
—200 —68 
—200 —68 
0 ile) 

(@) —10 

0 5 

O 5 

O 5 

(0) 5 

0 15: 

0 is 

6) 0 

(0) 0 

0) 0) 

0) 0 

0 8 


or Orn 
QOOoocone Ooo OOOO S OOO > 


vo 
No evaporation. 
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Total. 


19a—153 
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8-9 EDWARD VII., A. 1909 


STATEMENT No. 4—Continued. 


SUMMIT WATER SUPPLY. 


JANUARY, 1906. 


STORAGE. 
Day. Discharge. |- Evaporation. 
Talon. Trout. Turtle. Nasbonsing. 
PON Tet tre aes 240 — 50 0 0 8) 
Deere is cts ste giclee 240 — 60 0) 0) 0) 
Se ish ha RD SPDT 240 — 65 (0) O 0 
A EI ta 2d rates abit 240 — 60 0 O 44 
Ey AMER RIS *, cS cael atictal 250 — 50 0 O 44 
Gia ee ere sae Slayers 230 — 40 0 @) 44 
TMT Na gooe tan eeans 230 — 40 (0) (0) 44 
SR otek ata ane have ies ae 230 — 45 O O 44 
OP os Asc ncccketowe teres 220 — 45 O () 44 
OQ See tae are eee civ serere 220 OU) 0 O 44 
Tea Ne: | iy eer st Gamers 215 — 30 6) 0) 44 
DNS le iain yayteror ewe 210 — 20 0 O 44 ° 
TES cae Re ee 210 — 5 0 0 44 a 
LAs e hcnecie ae 210 — 5 (6) 34 44 3S 
TH Ae, an aerate 210 — 5 35 34 44 Fa 
LIGA eae eee ea SES 210 | —— 5 35 @) 44 2 
A posed on Ee ae 210 — 5 So 0 44 3 
Bd Ss EPR ne yo lec éc Lars 03) 0) otis 210 — 50 35 18) 44 5 
FTG Meer et ere oich ora, ioe es atte 200 — 25 35 O 44 ° 
SO ese eM RORCLTAL GC GAMER Aa Se 200 —— aS) 35 O 44 4 
FA ih 3 ble ha Wc, Sie RA 200 55 35 O 44 
DO erie eect hence ore 210 310 35 0 168 
DP. | Rene pan Fuh or ae ts 220 815 125 37 168 
GY. 4 erie emer tiene amie eae 240 460 125 37 168 
peters shee wier g.crlohae at 230 0 125 Sy 168 
Gaertn statis ae an arrests 200 300 125 37 168 
DIRT Sie ai imi oe 180 620 250d 37 168 
OR erent sau Meteo Vinee 190 —158 125 37 0 
BAD), 2, = ARS LOcnpreenerae enor 160 —158 125 BY / (0) 
SO) eee me oa 140 —158 125 37 0 
Se as <a ee Se eee 130 —158 125 37 75 
Total. GBS eee ics ol ose iy Samael ee paneesck sea welt eal ae ee 
Average...... AI Worle st ts aU ene Ural aceasta re Gl Wr eONL GI at eat ent ome Nh ucicecey: oy (cath oecmcua GIO ODc 


Total. 
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STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 


FEBRUARY, 1906. 


STORAGE. 
Day. Discharge. Evaporation. Total. 
Talon. Trout. Turtle. Nasbonsing. 

De eps iper ier nies acre 125 0 125 34 23 307 
Da 1 cht nee oe oe 120 0) 125 68 23 306 
SRM atin cre aii ae 120 (0) 125 34 23 302 
Lo sn Set en SPN Reine ee 130 0 125 10 23 288 
ius Se De ere 130 168 0 10 23 331 
DS ah Ree ee Neer 130 So 0 10 23 168 
TRU a ee cers aes 130 5 0 10 23 168 
books Rapa eae eee aa 130 5 0) 10 23 168 
Qe ie catia. 130 5 0 10 23 168 
WIG). 4. Speen Wg tae ae 130 5 re) 10 23 = 168 
PRA R eee 5 sc scchebens 125 5 0 10 28 a) 163 
1A. 6 ae les ea re 125 5 0 —15 23 = 138 
ONE er atic cuca 125 5 —65 —15 23 g 73 
1b 9: 42 Eee aan SE 125 5 —65 —15 22 oF 73 

Paso ot ae ig pr are Hee 125 5 —65 = 15 23 S x 
GMP ea Oeil oe 125 5 —65 —15 23 ® 73 
TNR eae aca 125 5 —65 —15 23 ° 73 
De ee ie ae ee 125 5 —65 —15 23 a 73 
OMe arora c sancicsgin arte 125 5 —65 —15 23 7S 
DOM ice hee ea 125 5 —65 —15 23 73 
OB i | 1 eR ea ee 130 10 25 5 23 193 
Dita An! a Mk ma nares PRR ae i130 20 25 5 23 203 
an tayo es oeaae eaves 130 —90 25 5 23 97 
PAE Rees Fre nee ie ei 130 — § 25 5 23 118 
Cs 2, ele oa ess Pa ea 130 0) 25 5 23 183 
OD GE nr sees ie. 130 (0) 25 5 23 183 
DAP ce a a en 130 5 25 5 23 188 
Ds Re aL an 130 10 25 5 23 193 
Total... Fey TL a een aU were ant Lely net. 2 hha Smee gat 8 OROa Meare Erie 4,707 
Average.....- PD Teel |ebateah atsh ayers, 5! epee sod ere yl mate seco remit so Seite se) sireucatre Perrietors Re ane ce 168 

iis SA Nr So orci a ao UND Nee BEL A BT a id a's alee 
q 
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Day. 


SO. Oke) Sn © o 6 be) -e. 


eeerteceonreece 


Doses (9 1¥,46 le. tes 4. 6 


Oe 


ake) eihhe cose lara 6! ef's 


Slee Shh ss secs es 


eoersr ere rene 


seee ©eleseeeen 


Bie e 1 eres 6 6 «eps 


eeer rere tenes 


eer tee eee eee 


Siete .® (ele. .4- (0) aie! ee 


coor tee ee eee 


Be: e/4in6)0) 6/6 6 16\ ave 


woe t tere eee 


eee r eee ee eee 


eeeor seer ere oe 


SS Oath Ces. OI 


coarser ero ee 


Gin eee ca vine oie, ore 


eoeort rere esos 


eevee sero reer ee 


eoeorreeeeere 


eeoet tree ee eee 


Cleves 9 10 0) 6 6 w 018 


eeert reese ees 


eeoorrer ee ree 
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STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 


MARCH, 1906. 


eee oe 


eife? 6) 'e. te 


eee ee 


oe eee 


cee ee 


cee ee 


ee eee 


eee ee 


eons 


+ tote wis 


ce eee 


oe eee 


@, eal, s 


eerere 


STORAGE, 
Discharge. Evaporation. Total. 
Talon. Trout. Turtle. Nasbonsing. 
130 10 0 0 20 160 
130 10 50 15 20 220) 
130 10 50 17 20 220 
130 10 50 17 20 227 
130 10 50 17 20 22 
130 10 50 O O 190 
130 10 6) (0) 20 160 
130 US) 0 (0) 20 165 
140 10 0 (0) 20 170 
150 10 (0) (0) 20 180 
160 10 0) O 20 190 
165 5 0) (0) 20 d 190 
165 5 —A4O0, —10 0 fe) 120 
165 5 —40 =a) 50 BS 170 
165 5 —-40 —34 (0) a 96 
165 5 —40 —34 0 a 96 
175 15 —40 ——20 0 = 130 
190 |} 18 —40 10 0 5 158 
200 | 30 —40 —10 (0) ° 180 
240 4 —10 —40 —10 0 Zi 180 
238 — 8 —40 —10 (8) 180 
238 eS —40 —10 (0) 180 
238 (0) —40 —20 0 178 
238 0) —40 —20 (0) 178 
238 0) 35 —20 0 253 
238 122 35 —20 200 575 
290 275 35 10 0 610 
240 160 35 10 0 445 
240 —90 35 10 10) 195 
240 —90 35 10 O 195 
240 —90 35 1024 0 195 
Dd OO) See lia stared aaron js: dese oaeer aoe) sae ee orerarenckeMtedl Miers fet cs te ec en ceal | enna her cent | 6,625 
ee I ES | a SS | PS eee aS | — 
PS Zivcc bawmmermrets Vis. LA me GRC Rb ee tien At en ee eee Aa ge pier ie ae 213 
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STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 
APRIL, 1906. 
STORAGE. | 
Day. Discharge. | Hvaporation. Total. 
Talon Trout. Turtle. | Nasbonsing. 

ig MSS ame ee 250 |! 60 50 20 0 380 
3 kee CHa le 260 60 50 0 0 370 
PVM gS hic sec iata dss 280 60 50 0 ") 410 
BO ACES, te os 310 —180 50 0 86 266 
i ot sd 258 |. 0 50 0 100 408 
Bee fo ceet tes 258 — 88 260 146 75 653 
ho Oe ee 240 —~ gg 260 | 146 100 738 
SPC Oks S 240 — 88 260 45 75 532 
Ts pekinese ae 240 — 88 260 45 86 543 
TOM Le nat oe 240 — 88 260 45 86 543 
71 os. ee pe a 238 == 145 260 45 86 3 614 
PO dd i ah cee 238 — 15 260 45 86 5 614 
I ena ee Go 238 <= 15 260 45 86 3 614 
a eae Ce 238 — 15 260 45 86 g 614 
icone Weer eRe ees 280 — 15 260 ra 86 5. 682 
AGH es ast Sn 330 — 15 260 71 86 3 732 
ot ee 540 3,130 260 71 0 5 4,001 
i 2 he aneet ae 700 3,130 260 7 200 } 4,361 
TOUM ee eles 840 3,130 260 71 86 Z 4,387 
Di artic 860 3,130 260 71 86 4,407 
TOP cs. «Wye 900 3,130 125 71 ) 4,226 
cr « <a ae RR Ut ln 940 —245 125 71 0 891 
CE. Sra ein Lane 980 245 125 71 0 931 
FAA ie ana) ve 1,100 —245 125 10 70 1,060 
DG nF cte to bas 1,240 —245 125 10 70 1,200 
Oo os OO ene ies Ne 1,138 —245 125 10 70 1,098 
iy a ae LR 1,138 —245 125 10 70 1,098 
TREE GON ines Bo 1,100 —245 125 10 70 1,060 
OG eR ee Tcl, tae 1,100 —245 125 10 70 1,060 
Bee tho Ane 1,100 —245 125 10 Tuk, 1,060 
Total Not y ok Gee aD (ae a at ee re | eee 39,973 
Average eae 594 | LCR ace | Sate teh enete ioaairimaiicss Oncas | REP Mm Oa Sit beets el i | Re) espns aes ees! ol 1 332 
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STATEMENT No. 4—Continued. 


SUMMIT WATER SUPPLY. 


MAY, 1906. 


STORAGE 
Day. Discharge, |  ————— ————] Evaporation, Total. 
Talon. Trout. Turtle. Nasbonsing. 

fl eels. eee ets 1,020 80 50 11 77 22 1,216 
Da ge shy cto EE RT Pas ae 980 —180 50 iy ut 14 924 
SRM Hes celts cuneereds 900 180 50 11 77 22 1,196 
A> Oe Sr ee 880 — 77 50 11 77 20 921 
oy REM ialrs ces iSrarscnebe. eh 830 — 77 50 11 Ole 22 869 
Ge bie mene 820 (ih, 50 il 77 14 867 
Ve hl Lia aN AEN hea 800 SSE 50 11 GL, 14 847 
Steet ntoere are eral 750 = He 50 11 77 14 797 
Ora a tose cls 730 — 00. 50 ial al 14 Cele 
‘Tit cles ee 695 77) 50 11 77 15 741 
WAY Ns 92) Ss A Poa em 695 SS 100 11 ws ies 789 
BUH Sep neti Soe Ua Ror 720 77 100 68 (Ks 24 958 
AES Steer etre oes liens 780 454 100 68 hls 20 1,059 
Tie os er aR eA RU 820 454 100 0 77 24 1,427 
EDRs) cuckovake sats etonenets 860 0 100 0 —100 25 835 
GR piren aul auats bes 860 ) 0 0) —100 25 735 
TE ee a ah a Ang 860 90 0) 0 50 14 966 
LSS Reb atere nin ee der a vat wie 860 90 —100 ——26 50 176 869 
LORRAIN hota, Aue 880 —100 —100 —26 —150 14 490 
DAW esey cece aah POE Ae COE 910 PRS ——— 1.0 —— 15} 0 il 39 
PAB ech CoRR He aC 770 —728 —100 —=26 0 17 —100 
AA OM A a Aah are ACE TES 730 — 242 OD) ——26 25 15 372 
DE 2 oes ieee eRe a et i 700 —242 eel is! NS 21 259 
DARI Berets orate s be 240 —242 —KO® Oo 2) 10 —187 
PASH > SLs Dk eager aah 390 — 242 = OQ) —53 ——Ze 10 444 
DORR Saye 2.5 310 260 —100 Oo 70 6 481 
OTE bets to ate 350 260 —100 08 70 10 517 
CASS Bae ee ec 380 260 LOO 95 70 7 540 
DOWELL i ine ste 540 260 Nee 2535} — PAN) 20 417 
BiBla. o> eee eee 730 260 —100 ames i) 19 608 
ait Le pat ons VN Ba a 840 260 —100 — 03 ——2 LO) 14 ie aes 
Total 29 G50 estes. |. 5 atemns mace Geeta eevee Liner al dant a es 527 21; 21,396 
Average. o...: vO Wea cea edt Ree le Sarg] ARN a Mob riche acaacrcre 17 690 
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STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 


JUNE, 1906. 


STORAGE. 
Day. TDSC Ca VE DOLAtions Total. 
Talon. Trout. Turtle. | Nasbonsing. 

ie FReey Cc ee elie eae 970 90 ——) $5 — 50 —200 20 705 
Py sk eeks hy ak ee ee 950 180 = ti) — 650 16 979 
I gsr nis hime paban ss 1,000 —350 —= $5 1) 400 16 949 
Deere Se, 1,020 50 — 85 0 0 25 960 
ADVE hey ND OE ROE RETO 1,430 —730 = (315) mC) —400 12 193 
GRe it orctinsaisuaees: 5 800 == 0(0) ss) el <== I) 100 14 700 
Uc orenee besa cnet ts 630 —100 100 0 100 14 716 
OE real oe sia tale tche os 960 280 100 40 O 20 1,300 
OR teeters atlas 1,240 —270 100 40 0) 20 1,090 
(Re aetrcys pet feat tes. 1,280 —200 100 40 0) 25 1,199 
TPA RS eee gers, Sky a feo £330 —150 100 0 0 20 1,260 
eae ede werehetes Lite a iserien se a 1,400 —200 — 75 —— lo 0 22 1,088 
SMe atass, waevan a alle aveiaile 1,490 260 ee 0 0 20 1,135 
11 pag R 8) Eirias Sane 1,360 —260 eo 10) 100 iy 1,108 
UES RW sUalan sid Soewa che} Share ons 1,190 —610 eo 30 0 25 450 
Gey ees snsbatats, berate 1,140 —— ole ad ity 5 ae LO) 0) 20 500 
If ecege ty oe RC SRE RCE CP ROeere 1,100 —440 G5 6) 0) 20 565 
oS to BIN Can RE aT are 1,050 —420 == [ify 0) 0 16 439 
UO Rake viele scree Gueve 970 sre) = (0S 0 0 16 500 
BAG). 5 certian Ker eer acerar 900 — 344 ES ==> a) 0) 30 400 
PAL ES Se BRC eC eee Oe 890 TO aS TES sD 0 30 403 
OSCE RgeNe eo ke oust a iss tor toro ue 760 oO > EES a 1S 0) 20 380 
DOA oa insieae wisttters 730 —270 = HS) — 15 0 51 319 
DETERS vagst alone. tod 5 oer os 710 —260 S165 ale 6) 10 350 
SPR acu asoiens die nee vens 690 —245 i vO) —— OU 18 272 
OS ete ks ustee Siveeter kote 650 —— 2s ho 10) —= (550) 13 299 
PTR walls ban eter a ccig lth ay 016 630 —230 —— ho) 0 — 50 65 210 
eee Mid stad sve ocdias ots) SI 0.08 610 oO) ve et) a= 10 64 120 
PAS) S Rie CHONG CRS ROE IE EOS 600 —21 == 1S — 40 OU 20 143 
SOBs fane chars alten hens 580 —155 ses 15, — 40 SY) 5 155 
LOA se rows DQG ey esate te NS. eee aba | ie aprameedobeeneteay tate ana recat eters 684 19,285 
Average...... CO Ghee eT Tene) Se ok Snel It Waren a rad PA Tien We.) atu Gack eee ora 22 642 
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SUMMIT WATER SUPPLY. 


JULY, 1906. 


STORAGE. 
Day. | Discharge. Evaporation, Total. 
Talon. Trout. - Turtle. Nasbonsing, 

Tie oS Meat ree ilo! 5 he 560 10 —125 —50 0 0 395 
ea Ne aco. ay nent e ae 540 50 ——125 OU (8) 38 377 
STN eis che Das See eetere ss 520 50 APA ou) i) 38 362 
7st ae Seen A OL CRORE 500 50 —125 —50 0 25 350 
Sete te tases oy Suche atapaey ane 2 490 50 —125 —50 0 25 342 
Gets ce arses 430 50 —125 —50 == te 25 205 
fe PSO ena eka eve 400 48 SSB) —50 —200 65 8 
SW can rahe ak laveas 380 50 ao —50 —-200 30 22 
By Ae Caen etka mene 360 50 —]'25 —50 ——100 34 151 
THO}: Getaeeeteee ene ef nee 330 50 —125 —50 == OC} 25 80 
WT Veer SGU ame bese oa 300 360 —125 —50 —100 13 372 
POM ce aira te ae ostererens 280 110 ——— 25 —50 —100 38 wh LACE 
TIE, Face eA ac een aC 230 116 —125 OO —150 51 —30 
DAME bose Mane cote eis 190 118 —125 —50 —150 25 —85 
i VSIA od Ae Pennie eget 2 Se 200 114 —125 —50 —150 50 —é6l1 
LG Mere ale ole ata she tatioate 230 112 —125 —650 —150 50 —33 
ETP) ti cosas ee osedat ee 230 ibe ——125 —50 —150 50 oOo 
SA eats cs ecetneaapehe ane 230 112 —125 —50 ——T OU 49 —32 
OSs saa eianerotetels ce 230 112 —— 5 —50 —1'50 61 — 44 
2 ette ea wien soba 230 110 ——LZo —50 SD) 14 0) 
PAN oct Mee EY DOORS 230 —110 ——125 —50 —200 25 —60 
DORR MO ate, ast aietlion ere 250 110 —125 —50 —100 25 60 
Daas toy She bRlueesue Shaws 280 115 —— 25 —650 —— OO 38 82 
DAN ar ccne, fot rete eee es 290 112 —125 ——o —100 38 89 
DEP eons luo) mite ete als 260 — 234 ——125 —o0 0 25 —175 
ZG ae ie anedane teed or eee 240 ——232 —125 —50 0 14 —181 
OD A Nar ae Se rego a 240 AND —125 —50 0) 14 —179 
QSI ste cat eR eras 250 —215 —125 | — 50 0 51 —190 
PO ere rots .c is cre tee eote 280 ——2.3() —125 —50 0 51 —170 
SS U) Meea tre fetes castcdeke sUsitehalte 310 ——2350) —125 —50 0 79 —175 
Bdtsxoaie ies eetiaties Oats eet 350 — 230 125 —50 Uke a erect. Ceci array —55 
Total SAO oe Necae ts raceme \rtcReag less, Bren seam bagael te oatoaaRte oh eenctcstpra oo circ 1,046 1,469 
Average...... BSW Ieee rl ey Aah te ut oa UR | serine Sete bal coast ea al eRe Reme | 35 47 
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GEORGIAN BAY SHIP CANAL SURVEY 


SUMMIT WATER SUPPLY. 


AUGUST, 1906. 


235 


Day. 


os 


STORAGE. 


Trout. Turtle. 


Plebistet 


Ree ce ses ate aa ea 


ialestaleted 


| | 


lst wies este fe: (er fis. meee cellist is, 1e poise \f 9 e(@ selter is) @yiemerge 


© allel Sika iduier 6 el en fie: (ee) se 2/,6..8) 8) © se) 0. eee) .e) seca 


Evaporation, 


leah aish st 


a ee Re ga Ser eee a 
eT 


eer er ere ee eee 


Total. 


| | 
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STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 


SEPTEMBER, 1906. 


STORAGE. 
Day. Discharge. | -———_——_-_—__—_—_——-—_——___ | Evaporation. Total. 
Talon. Trout. Turtle. Nasbonsing. 

Pe sha sek cet cae 60 100 = 75) —— 0 0 25 60 

SD, SNCS RA PR 2 ns 60 100 = AS 0 0 64 75 

ECR eS EMRE hay 65 100 — 25 0 (0) 64 (45) 

Aversa ds aehipara Mears es 65 100 ie 0 0 25 115 

D> SSSI ee Ee Ges 65 0) ie 0 (0) 25 15 

3) PGE Beare Bicwen ote ae 65 0 ihe) 6) 0 25 155 

FE aR ee ees oe 65 0 a De 0 0 38 2 

OPER ates rcs ral power ees a 65 @) SE 0) 0 2 32 

oe date SEARS roe ees 80 52 DS 0 a) 12 ——— 

Gee eae otek Ss 100 52 ES 0 0 12 11 
LUN 3 <a ER pene ay Ace, gee Re 160 52 a PAR a=" LG 0 12 56 
LRN opm tet aye gan ane 460 52 ee saa 115) 0) 4 374 
PRR aa sant ice eeh noun anette are 200 52 —— a) = LS 0) 20 78 
Ue an ee Re aie ae uate by ane 110 52 LS athe —— 25 55 — 62 
HNO c’ vshat oa scien he SLRS ee 80 52 ae) =v al Ss ey 25 — 62 
GY. +. ORCC AU aN Re 70 52 2) = 1s ma PAS 30 G4 
1 1. A OCR RMS EER Pe Fae 70 52 — 25 ——a 5 —— ee 32 —— TS 
US Wreceer coth are Aa etek te 60 52 —o = NS —=9 25 13 —— 70 
Ie ee ee ANT eR cana rene 50 a2 Ga) AS = Le —=120 ies — 80 
FA 1) Soh ROA SRD Ce ae 58 52 BIS ca 11S — 25 13 —— 
Pi) ~ Ag Us aces arian ees 50 52 = AS 1) = OS 13 — 165 
Dies a eae Wee RON eer RE 58 = ONG, oo 0 10 33 30 
CRS PU eae la oe 2 | acs 50 —— OO ee (@) 10 16 si) 
DIEECR SRD UREA RE RE aA 50 —sOU) = PAS (0) 10 ibe =O 
Pi Siege tcdopeh Onn Wy aise cee 50 == 5) ——9 25 Ones 10 he tt 
DAT oe Pe ae a ie 5 Serna 70 eC) 25 @) 10 22 =——1kG 
ATEN co PALE ee A Het tate Ee 140 er O = FF) 0 10 64 211 
Rinnai coe cha she. eaters aie 170 —— OU ==) 5) 0 10 25 80 
DADS oe cere tea fe Sea 180 0 = YS 0 10 13 152 
A106 Toe ee orate cee 170 0) = 2S 0) 10 of 137 
Totabe; acs DIOR GA Maelo avsisi-ic tae hice aly eltecou te et rete pee 742 871 


Average... .. UE eee ae Pi eam PRC ere Seema aera Rr” aon Ree eer a er arate 24 29 
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STATEMENT No. 4_ Continued. 


SUMMIT WATER SUPPLY. 


OCTOBER, 1906. 


Discharge. 


STORAGE. 
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——. | Evaporation 


Talon. 


Re aed 


Trout. Turtle. 


Sololelolololeloelololelololeloylolayoyay=) 


CAAA MCN OO ODO ODOC OOOOOOOSOOSCSOOo 


Nasbonsing. 


ogra eigen’ 6: lo) \eigieiym (esa 
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MAWMDRAONWOOOP 
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Day. 
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STATEMENT No. 4—Continued. 
SUMMIT WATER SUPPLY. 


_NOVEMBER, 1906. 


STORAGE. 
Discharee, |——$ ee evaporation. Total. 
Talon. Trout. Turtle. Nasbonsing. 
190 — 60 0 0 20 150 
180 — 60 0 ) 20 140 
hea — 60 0 0 20 137 
178 60 0 oO. 20 250 
179 60 0 0 20 259 
180 60 0 0 | 20 260 
180 45 0 0 | 20 155 
176 45 0 0 20 151 
178 10 0 0 20 208 
180 10 0 0 20 210 
180 10 0 ) 20 210 
180 10 0 0 20 d 210 
182 10 ) 0} 20 Re) 212 
195 10 0 0 20 4 225 
200 10 0 0 20 I 230 
205 10 0 0 20 a 235 
206 10 0 0 20 g 236 
210 10 ) 0 20 © 240 
215 10 0 0 20 ° 245 
220 10 0 0 20 a 250 
228 10 0 0 20 258 
238 60 0 a) 20 318 
240 60 ) 0 20 320 
252 60 0 0 20 332 
260 60 ) 0 20 340 
273 60 0 0) 20 353 
275 60 0 0 20 355 
290 60 0 ) 20 370 
312 60 0 0 20 392 
335 | 60 0 ) 20 - 405 
GATS Hg teed anu eps EARN ONY dO dates Nd cee ee Tp 7 656 
Pr os Pact apaned ane Rear eT etn, Sate MIRO VN aD bg| URC tere Rony Srtkaed DA ER 1 2S 255 
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TABULATED STATEMENT No. 5. 


PROBABLE AMOUNT OF EVAPORATION AS REPRESENTED BY INCREASE IN WATER SURFACE 
AREAS AT SUMMIT. 
Evaporation over 7:55 square miles water surface in cubic feet per second 


7-55 square miles is 210,481,920 square feet. f 
One-tenth of one inch over this area gives 20-3 cubic feet per second. 


1905. 1906. 
Day. 

June.| July. | Aug. | Sent. | Oct. | May. | June. | July. | Aug. | Sept. | Oct. 
Seer rat og Sey ens 2eehoy een ai [sre <oalies 2220.3 5:0 OVareRee 22 6h mi2OeSiy cere 25°4| 25°41 17-0 
DEO Laon Rh gidhaicc Ciecstye. Ss 18-5) 30-0} 13-0) 25-4) 40-0; 13-6] 16°2) 38-0} 25-4, 64:3) 15-0 
Rios) oe ®t ee een 13-6) 25-4) 38:0 3-5| 13-4) 22:0) 16:2; 38-0) 25-4; 64-3) 25-4 
CL OLED col SAE ROR ON Orc aren ee Iie 13-6} 13-6) 13-6 4-1} 25-4) 20°3) 25-4) 25-4) 25-4) 25-4) 25-4 
Ey Rae re es clea s oie ators 13-6 AD) = alee Aili Al! 222 -Olmat2c Qi 25 cd eoO Ole zo 74 LO 
Ga RED icon ais © S-nssh eh pinion cael s 13-6 O| 26-9 8-2| 25-0) 13-6! 13:5) 25-4) 30:-4| 25-3 6-1 
PAP Ls el sone pS aes eos 25-4| 388-0) 27-3| 12-3] 36-0) 13-6) 13-5; 64-9) 13-5) 38:0) 10°5 
foe ay "bh URS stent eRe ADs ee eet “Oi 213-0" 513520 6-1} 13-0} 18-6] 20-3) 30:4, 13-5) 22-0) 15-2 
OR Em Aah idee ERs onthe aes 13-0) 25:4) 13-0) 10-1) 13-0) 14-2) 20-3) 33-9] 38-0). 12-0) 10-5 
DOS eee nas tets oc ite Wiaee erties 88:0) 25-4 PASO ap 7or | 5-3) 15-0) 25-4) 25-4 Ted! “12°01 > 12-5 
Ne Be A Sa he or See SOROS Cue 25:4, 25-4; 25-4 6:0 Tells GS) =20e3 114-0 aloo Om 12-5 
oN eae ater sn iso sachs re) cate 20°3 SEO ts Ole s "3 8-1} 24-4 22-2) 38-0) 25:°4 4-0} 12:5 
oe Meera aM acy re rea aes see atans, a -0 0} 30-1] 14:2 8-1] 20-3} 20°3). 50°8| 25-41 20-3) 12-5 
SLANT MAate dng tc S.No ek ss, cle Weide Aa 30:0} 13:0} 10:0 620/99 24-310) U7ZON 25-4) 25a bom mlgeo 
LE Ee RCSD IP -F, nain, Soa hers ak hs 31-012 =25-0) 13)20 2-2) 4-0} 25:41 25-0). 50-0! 25-4 25-4, 16-4 
NGA Se & greets Oke AMES Pee ge cota Say en ete 13:0 0; 25-4 5:4 4-0)9) 25-455 2023\) 50-0)8 256419 630-2 1S 2 
NOTE RAC are eileen ace cate hig oa cy eeer'cLerieye ye 13:0} 18-3] 25-4 6:5 21 LIS “Sine 20°Sie .50¢Or 1 25-4108 32 Ole TO 
1 MCR. 4 ees eA eae Relies ei e Mees Tar6) (2-2 213-0 6:5 8-0} 16-8) -16-2) 49-0) © 25-4. 13-0) 19-5 
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Nore.—The area 7.23 square miles should have been used for this cemputation but owing to the very slight 
difference no change was made. 


ALEXANDER McDOUGALL. 
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STORAGE AND REGULATION OF FLOW. 


The question of controlling, partially at least, the flow on all the rivers utilized 
for the waterway, and thus create practically a slack water navigation system with 
least possible fluctuations, it is of vital importance, and is one of the necessary elements ~ 
of the project. 

This control is not only necessary for safe navigation at flood time, but is also 
desirable for all the commercial and industrial interests on these rivers. © 

Safe navigation in restricted natural streams subjected to great variations of 
flow, demands that all excessive currents be suppressed, that cross currents be avoided 
and that excessive fluctuations of levels be decreased. 

Objectionable currents are very much intensified during flood time, and the reduc- 
tion of the flood flow combined with such enlargement of the restricted sections of 
the river as may be commercially possible is the only effective remedy. 

On the three main natural streams utilized for the waterway this question pre- — 
sents different aspects. 

The regulation of flow for the French river does not present any peculiarity 
requiring special study. The source of the river is Lake Nipissing, of relatively large 
area, which has very little fluctuation, and on which the periodical high and low water 
are yearly and always at about the same time. The river oscillates with the lake, 
and the relation of its low flow to extreme flow is as one to four. Its extreme oscil- 
lation is from 8 to 10 feet in some of the restricted parts. The French river as it 
leaves Lake Nipissing is very favourable to the construction of controlling dams 
which will govern the lake level at any desired elevation, and thus prevent low water. 
Ordinary care will have only to be exercised to manipulate the regulating dams in 
proper time to prevent the water on the lake from rising higher than the proposed 
working level. At all times the supply of water is more than ample and waste will 
be of no consequence. 

On the Mattawa river section of the canal which includes the Summit reach, the 
problem is more complex. Though the spring flow is abundant, there is a serious 
deficiency in the summer and autumr. The problem is to conserve the water which 
now goes to waste and reserve it for the period of deficiency. Moreover, the ques- 
tion of a supplementary source of supply with feeder canal is involved, and the 
whole has required the most careful investigation. The data collected, with analysis 
of conditions and deductions made are given in the part of the report relating to 
Summit water supply. 

The problem on the Ottawa river which is intimately connected with its canali- 
zation, is the control of its flood waters, especially during extreme years. 

The flood discharge is sometimes as much as 15 times and over that of the low 
‘discharge, and it is of the greatest importance to reduce the ratio of extreme and low 
flow. 

A fortunate characteristic of the river is that it is not subjected to sudden rises. 
This is a very favourable feature for the successful control by means of large natural 
storage reservoirs Such as may probably be created at the head-waters of the Ottawa 
and its main tributaries. of 

Before giving the result of the studies made in this connectiou, a few general 
considerations in regard to this question of storage may be of general interest. 

The method of storage reservoirs for river improvement has been extensively 
tried in France, Russia and America. In the United States it has been particularly ap- 
plied on the Upper Mississippi river with marked success. Reservoirs filled in the spring 
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during freshet season serve to increase the flow later in the year when the streams 
run low. Floods may thus be prevented or greatly reduced if only adequate storage 
capacity is available, and with a judicious selection of reservoir sites. But the ques- 
tion of artificial reservoirs for the storage of waters is intimately connected with the 
preservation of forest areas at the sources of supply. All investigations made by care- 
ful observers in the leading countries.of the world have led to the conclusion that 
forests are great regulators of streams, in fact that they are nature’s most perfect 
reservoirs, and that artifical basins are only an attempt to improve and supple- 
ment what forests can accomplish. No artiticial remedy can be either adequate or 
permanent, if forests are not preserved on the higher slopes of the streams. Their 
function in reducing the difference between high and low water, and in decreasing 
the periods of drought is now recognized. In many countries of Europe, where forest 
clearing had at first been carried out indiscriminately, the increase in the recur- 
rence of great floods on some of the streams, as well as their sudden rises, attracted 
the attention of the different governments to the necessity of reforestration of water 
sheds as a means of regulating stream flow, and large sums of money have been 
expended thereon. 

In the United States, the timber famine which began to be felt a few years ago 
was the primary cause of the inauguration of a national forest policy, and in many 
cases, it is stated, this policy has been the means of securing benefits by restraining 
the run-off at flood times, and checking the erosion of the higher slopes. 

In the annals of the American Academy of Political and Social Science, Hon. 
Gifford Pinchot, United States Forester, gives the results of some observations made 
in relation to these questions, which are of great interest. He states as follows:— 

‘A careful study of the behaviour of the stream flow in several small timbered 
and non-timbered catchment areas in the San Bernardino mountains of southern Cali- 
fornia, made by Professor Tourney for the Forest Service in 1902, brought out in 
a most convincing manner the effect of the forest in increasing surface run-off and 
sustaining the flow of mountain streams. 

Three timbered areas were studied. These gave during December—a month of 
unusually heavy precipitation—a run-off of but five per cent of the heavy rainfall for 
that month; during the following months of January, February and March they gave 
a run-off of approximately 37 per cent of the total precipitation, and three months 
after the close of the rainy season, still supported a well sustained stream flow. 

At the same time, the neighbouring non-timbered catchment area under obser- 
vation gave during December a run-off of 40 per cent of the rainfall and during the 
three following months a run-off of 95 per cent. In April the run-off was less than 
one-third of that from each of the forested catchment areas and in June the stream 
from the non-forested areas was dry,’ 

It is evident that the exploitation of the forests of this country must be regulated 
rigidly not only because the timber supply is already visibly diminishing, but because 
also the forests gradually distribute the moisture they receive, which slowly finds its 
way to the rivers, instead of rushing in torrential streams as is the case in denuded 
land, causing floods and carrying soil matter which fill the natural regulating basins. 
The importance therefore of combining forest preservation with storage reservoirs 
for the proper regulation of streams is too apparent to be elaborated at any length 
here. 

The style of river navigation proposed for the Ottawa, and the only one 
admissible, is the ‘dam and lock’ system, with practically slack water reaches. From 
Mattawa, where the ship canal joins the Ottawa river, down to Montreal, fifteen 
ponds or reaches of various lengths are formed, which it is necessary to maintain 
at certain fixed elevations. 

Fluctuations in these ponds must not be permitted to take place below the regulated 
water surface, fixing the depth of 22 feet above grade, nor must it fluctuate much above 
that surface for safe navigation, in order to reduce currents and maintain a navigable 
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channel without unnecessary excavation in shallow parts, or excessive height in lock 
walls and lock gates. The head pond at Mattawa receives the waters of the whole 
Upper Ottawa, and the other basins below, in addition to the head-waters, have to 
receive and pass supplementary contributions from tributaries, some of which are 
important streams with large flood discharge. Therefore the scheme of storage had 
to be judicially considered as a whole and the reservoirs distributed over the catchment 
area in such a way that they will give the required control over the flood waters of 
the main stream as well as individual control of some of the main tributaries flowing 
into intermediate basins. 


In the studies made, the extreme flood flow of 1876, the highest on record, was 
taken as a basis for calculations. For low water the record year of 1846 was taken. 


The crest of the flood of 1876 was not only the highest, but the run-off for the 
whole year was also the largest with the exception of that of 1890. As no similar 
high water has been observed since, none having been close to it, the computations 
made as based on this extreme record are amply safe. 


During the period of the survey, it was earnestly hoped that extreme high water 
should occur in order to verify by direct measurements the computations and esti- 
mates made as to volumes and duration of extreme flood flow. 


The maximum volume of flow has been estimated and based upon the known maxi- 
mum heights obtained at a few points in 1876, and upon the study of smaller floods 
measured subsequently. It would have been of the greatest interest to check the 
hydraulic problem of regulation as solved, from an assumed standard flood, but 
unfortunately nature did not favour the survey in that respect. On the other hand 
conviction exists that the deductions made are on the safe side, and in the spring of 
1906, we were fortunate enough to have the water in the Ottawa-Hawkesbury reach, 
which receives the largest tributary of the Ottawa,—the Gatineau—at about the level 
selected for regulation, and opportunity was offered to check the calculated hydraulic 
grade, flow, &e., at that elevation with very satisfactory results. 

Observations then taken, confirmed the decision already reached that such high 
water as that of 1906 would not be too excessive for the proposed waterway, and it 
was decided to determine if sufficient storage existed to control the river in a year 
of maximum flood so that the extreme flow would not exceed that of 1906. 


The study of the storage problem, therefore, was commenced first by collecting 
and tabulating the fluctuations of the river and its discharge at certain points along 
the route, paying particular attention to the flood of 1876 and the exceedingly low 
waters of 1846, 1881 and 1887. 

The hydraulic history of the river below Ottawa, practically since 1844, was grap- 
hically reconstituted, and is given on plate No. 30, showing daily discharge, monthly 
precipitation and mean monthly temperature. 


From the discharge curves obtained, a determination was made of the excess 
flow above the stage at which it was desired to control the river, and preliminary sur- 
veys made to ascertain if 25 per cent more storage than was required from these 
figures, was available, the 25 per cent surplus being to allow for the inaccuracy of 
existing maps and data available. 


In initiating the preliminary surveys for the storage, it was not expected that a 
complete solution could be found in a short time, but that sufficient preliminary data 
could be collected to show that partial control at least was possible at reasonable cost. 
Its complete determination would take several seasons, and extensive surveys would 
be required to select suitable sites for all dams and determine accurately the capacity 
of all reservoirs. This I am not ready to recommend unless the construction of the 
eanal is decided. In that event, a hydraulic bureau should at once be formed to 
carry on systematic surveys and establish gradually the storage system during the 
construction of the canal. 
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But even should construction be delayed, I would strongly recommend that 
preliminary studies, and the collecting of hydraulic data be continued, and it is my 
intention to keep a few men at that work unless otherwise instructed. 

The subject is of such great importance that the report of Mr. Alexander Mc- 
Dougall, hydraulic engineer, who was directed to conduct some investigations on 
this question, will be given in extenso, in order that all the information available 
so far, may be recorded here. A brief reference, however, may be made to a few of 
the points mentioned therein. 

The Ottawa river has a total drainage area of 56,048 square miles, which is very 
large as compared with its total length of 720 miles, traversing a territory of about 
550 miles. 

In a spring of low flood at the head of Montreal island, the Ottawa flows about 
150,000 cubic feet per second; in an ordinary spring, it flows nearly 200,000 cubic 
feet, and in the flood of 1876, it is stated that it discharged the very large amount of 
350,000 cubic feet per second, which is record high water. This figure, however, of 
350,000 cubic feet is uncertain, and it may have been over-estimated. 

The corresponding low water flows at the mouth are from 20,000 to 30,000 cubic 
feet per second. 

The fluctuations in water level between extreme low ‘and high water at Ste. 
Anne (head of Montreal island) are 113 feet; at Grenville, 19 feet; at the foot of 
Rideau Locks, Ottawa, 25 feet; and at Lake Deschenes 9% feet. 

At other points in the river, it fluctuates according to the situation. 

The greatest flow of the Ottawa is about 12 to 17 times the lowest, whilst that 
of the Niagara river, which is regulated by the large natural storage reserves of the 
Great Lakes above, is but 1.7 times the lowest, and the fluctuations in the St. Mary’s, 
St. Clair and Detroit rivers are very slight, which is highly favourable to navigation, 
and renders possible the enormous traffic passing through them. It is hoped and 
confidently expected that artifical storage will do for the Ottawa what the natural 
storage of the Great Lakes does for the rivers above mentioned and for the St. Law- 
rence. 

The reduction of flood level and the increase of low water flow which a well 
regulated storage and release of waters will give; will not only benefit navigation,. 
but will also benefit lumber interests and all industries depending on water powers. 

It is known that large lake pondage exists in the Upper Ottawa basin, which can 
be artificially increased by dams constructed at reasonable cost. The existence of 
such large lake storage, and of large and dense forests is the fortunate condition of 
the Ottawa river watershed. In a rocky country, where the surface run-off is 
naturally extreme in relation to the rainfall, if such pondage did not exist, very dis- 
astrous floods would take place which could not well be suppressed. 

On the Mississippi river, many years ago, a project was elaborated for the con- 
struction of 65 reservoirs at the head-waters of the river. Five of these reservoirs 
have been built, and already it has been possible to maintain a higher stage of navi- 
gation in the upper river above St. Paul by releasing during the low season the re- 
serve water collected. 

It is stated that all the different interests on that river, navigation, logging’, mills, 
riparian owners, etc., are all unquestionably better off with the reservoirs than with- 
out them. The storage capacity of these reservoirs is 96 billion cubic feet of water. 
Some statisticians have estimated that each billion cubic feet is at present worth to 
the milling industry of Minnesota $13,000 a year or a total of $1,218,000. 

The effect of storage was considered more minutely for the Besserer’s Grove section 
below Ottawa by reason of our more complete records. It is éstimated that the en- 
tire reservoir capacity required above low water is nearly 20,000 square miles by one . 
foot, with a factor of safety of at least 25 per cent as mentioned previously. 

The investigations made so far indicate that at least this storage exists above the 
section at Besserer’s Grove. 
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Assuming a possible average height of storage of ten feet, which is a low average, 
as the North country is entirely uninhabited, and no great damage can be done by 
the raised water surfaces in the reserve lakes, this represents a combined lake area 
of 2,000 square miles. 

A list of lakes visited, with their approximate area and possible storage capacity 
is given in the report of the hydraulic engineer, as well as a list of other lakes 
which it has not been possible to investigate. 

Tables of the hydraulic data of the river will also be found in that report. 

The following tables show the permissible flow in the Ottawa river when canaliz- 
ed, also the minimum flow resulting from storage, as compared with the present 
minimum discharge at three principal points, Mattawa, Ottawa and head of Montreal 


island. 
MATTAWA. 


‘DRAINAGE AREA—19,663 Square Miss. 


| 


Yearly Permissible Minimum 
mean maximum Storage flow Estimated 
run-off in | Maximum | Minimum ow available resulting rise of 
cubic feet flow in ow, 22 foot above under low water 
Years. per cubic feet | cubic feet | navigation Mattawa, proposed level 
second, per per project, square storage, in feet 
Jan’y 1 second second cubic feet miles cubic feet at 
to per by 1 foot. per Klock’s. 
Dec’r 31. second. second. . 
1876. May. October. | 
Year of maximum ; 
discharge... 30,000 113,000 8,000 45 ,000 12,500 22,000 4,25 
1860. May. Septemb’r. 
Year of average 
discharge... 26,000 58,000 12,000 45 ,000 12,500 23 ,000 5.75 
1877. May. . | March, 
Year of minimum 
discharge... 14,000 35,000 7,500 45 ,000 12,500 16,000 2.45 
CHAUDIERE FALLS, OTTAWA. 
DraInaGE AREA—34,623 Square MILES. 
| 
Yearly Permissible Minimum 
mean maximum Storage flow Estimated 
run-off in | Maximum |} Minimum Ow available resulting rise of 
cubic feet flow in flow, 22 foot above under low water 
Years. per cubic feet | cubic feet | navigation Ottawa, proposed level 
second, per er project, square storage, in feet 
Jan’y 1 second second cubic feet miles cubic feet at 
to per by 1 foot. per Deschénes 
Dec’r 31. second, second. Lake. 
1876. May October. 
Year of maximum 
discharge... 52,000'}; 123,000 10,500 90,000 14,500 36,000 25 
1860. May. Septemb’r. 
Year of Sreraah 
discharge. . 46,000 103 ,000 21,000 90,000 14,500 49,000 aide 
1877, May. March. E 
Year of minimum 
discharge. . 62,000 10,000 90 , 000 14,500 29,000 a) 


28 ,000 
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HEAD OF MONTREAL ISLAND. 


DraInaGe AREA—55,700 SQUARE MIuEs. 


mm 


Yearly Permissible Minimum 
mean maximum Storage flow Estimated 
run-off in | Maximum | Minimum flow available resulting rise of 
cubic feet flow in flow, 22 foot above under low water 
Years. per cubic feet | cubic feet | navigation Montreal , proposed level 
second, per . per project, square storage, in feet 
Jan’y list second second cubic feet miles cubic feet at 
fo) per by 1 foot. per Lower 
Dec’r 31st. second. second. Carillon. 
1876. May. October. 
Year of maximum i 
discharge... 83,000 310,000 22,000 155,000 20,000 58 ,000 3.0 
1860. May. Septemb’r. 
Year of average : 
discharge....... 75,000 166 ,000 34,000 155,000 20,000 79,000 4.0 
1877. May. March. 
Year of minimum 
discharge....... 44,000 100,000 ! 20,000 155 , 000 20,000 45 ,000 2.0: 


| 
oe FS eS ES Se ee Se 


ae Notr.—The flow resulting from storage is calculated from the spring of one year to the spring of the fol-~ 
owing year. : 


a 
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DETAILED REPORT BY MR. ALEXANDER McDOUGALL ON REGULATION 
AND STORAGE POSSIBILITIES. 


OTTAWA RIVER AND TRIBUTARIES. 


STORAGE. 


The route of the proposed Georgian Bay canal is from Georgian Bay up the 
French river to Lake Nipissing into Trout lake at the head. of the Mattawa river, 
and then following the Mattawa and the Ottawa rivers to Montreal. 

_ The French and Ottawa rivers are generally a series of deep lake-like expansions 
separated by rapids or falls. The general system of improvement proposed has been 
the construction of dams at the heads of these rapids to retain the waters at certain 
prescribed levels in the different reaches. 

In the Upper river reaches, this level is much above the ordinary high water 
level, but in general, the permanent improved level will be about that of the present 
high water. In conjunction with these governing dams and the necessary locks to 
overcome the difference in the level of the various reaches, a general system of storage 
is necessarily required to control the flow of the main river. ‘These are subject to 
no sharp fluctuations, but their seasonable variations are extreme and, the proper navi- 
gation of the rivers cannot be assured if the flow is left in its present uncontrolled 
state. 

The ideal waterway for safe and economical navigation has unrestricted chan- 
nels of slack water.No inland waterway can be made absolutely ideal according to the 
above standard, but it is essential that it should be so constructed that the traffic 
for which it is designed can be accommodated with safety when vessels are in charge 
of competent navigators. 

In an extreme year, the Ottawa river continues in a state of flood for a period of 
from five to six weeks. If this flow were left uncontrolled, navigation would be inter- 
rupted during this period. The enlargement of the section necessary to carry away 
this flood flow without the creation of dangerous currents would be an almost impos- 
sible commercial undetaking. 

A study of the control of the river was, therefore, commenced shortly after the 
beginning of the main surveys in order to determine the degree of control possible and 
the amount advisable. This study included the surveys of storage reservoirs at the 
head-waters of the main rivers ‘and their principal tributaries together with all avail- 
able records concerning the flow cf the river and its general hydraulic conditions. 
This study embraced the entire water-shed of the Ottawa and French rivers, a total 
area of some 63,000 square miles. With the time available and the lack of informa- 
tion prior to this survey, it was not possible to determine absolutely the most minute 
details, but it has been sufficient to show that the water-shed tributary to the ship 
canal furnishes ideal opportunities for effectual control for all portions of the river. 

Sufficient storage reservoirs were located and visited which would control the flow 
of the river at a stage at which it will create no dangerous currents to navigation. 

_ Other reservoirs of large size are known to exist in the unsurveyed and unex- 
plored territory, and it is proposed that these should be surveyed in the near future. 
The determination whether these additional reservoirs are to be built or otherwise is 
one entirely of cost, each new reservoir reducing the cost of the locks and dams, but 
increasing the storage cost. . 
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In many countries, elaborate systems of control have been constructed, particu- 
larly in Northern Russia and in the United States. None of these, however, are 
quite so extensive as that proposed for the Georgian Bay canal. The Russian system 
was designed to assist navigation; that of the northwestern states at the head-waters 
of the Mississippi was designed to assist navigation at Minneapolis and also the 
water-power, and furnish other incidental advantages. 

The advantages, aside from navigation, which will be gained by the present pro- 
posed system of control of the Georgian Bay canal route, would of themselves pay for 
the construction of a large portion of it. This is particularly true with respect to 
the Chaudiére industries at Ottawa and milling interests at other localities. 

The system of control in existence in the northwestern states has been described 
as follows in the Report of the Chief of Engineers, United States Army :— 


Reservoirs at Head Waters of Mississippi River and Minnesota River between 
Brainard and Grand Rapids, Mich. 


The project adopted January, 1880 called for the construction of forty-one 
reservoirs in Minnesota and Wisconsin. 

The object of these reservoirs is to collect surplus water, principally from 
precipitation of winter, spring and early summer, to be systematically released 
during the low water season so as to benefit navigation on the Mississippi river 
below. 

The reservoir system was built by the Government primarily for the bene- 
fit of navigation in the Mississippi river, and incidentally to mitigate its floods. 
The system is operated by impounding the waters in excess of the natural low 
water flow at times when this excess is not needed by navigation, and releasing 
during the low water season of navigation such a volume of water as will main- 
tain the gauge at St. Paul at a constant height as much above low water as the 
available water in storage will permit. Without the addition of stored waters 
from the reservoir system, the river at St. Paul is liable to fall to a state of 0-2 
feet, as happened in July and August, 1894, or to zero, as happened in April, 
1896, whereas, with judicious and economical use of the reservoir waters it is 
quite practicable to keep the gauge at St. Paul from ever falling below three 
feet. This is a very substantial benefit to navigation. On the 424 miles of 
river above St. Paul, where the stream is smaller, a still greater effect can be 
obtained. 

The effect of the reservoirs in mitigating the floods of the upper Mississipi 
is equally pronounced. A flood stage existed this season from Sandy river to 
Aitkin, Minn., and below, from May 20 to July 1, during which period there was 
held back and impounded in reservoirs over 16,000,000,000 cubic feet of water, 
the flood waters of a drainage basin of 3265 square miles. This volume of water 
stored and held back from the floods below is sufficient to maintain a steady 
stream of 4630 cubic feet per second throughout the period named, while the dis- 
charge of the Mississipi at the mouth of the Sandy river at bank full stage is 
only about 4000 cubic feet per second. Had it not been for the holding back 
of this water in the reservoirs, the flood height between Sandy river and Aitkin 
would have been several feet higher than it was. 

The reservoir of the Ottawa and French river water-sheds are much more 
extensive than three mentioned in the above report, and their advantages will be 
correspondingly greater. 


OTTAWA RIVER WATERSHED. 


The Ottawa river is one of the large rivers of the North American continent. 
Its source is almost directly north of the city of Ottawa. Its water-shed which, at 
Montreal, has an area of 56,000 square miles, is shown on Plate No. 3. 
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TRIBUTARIES, 


For the amount of area tributary to the river, its length cannot be considered 
great. The water-shed is divided up into a number of drainage basins feeding into 
the river at regular intervals. On the north shore, these are the Du Nord, the Rouge, 
the Lievre, the Gatineau, the Coulonge, the Black, the Du Moine and Maganasibi. 
On the south shore, the La Graisse, Nation, Rideau, Mississippi, Madawaska, Bon- 
nechere, Petawawa and numerous other smaller ones. Al] these rivers exist between 
Mattawa and Montreal. Above Mattawa are the Montreal and Kippewa rivers. Lake 
‘Temiskaming, which is often spoken of as the source of the Ottawa river, is a lake 
of an area of 115 square miles about 45 miles above Mattawa; but the main Ottawa 
enters Lake Temiskaming at the northern end after having come a distance of 
some 310 miles from a point almost directly, north of the city of Ottawa. The river, 
therefore, forms three sides of a quadrilateral, but the water-shed is so divided by the 
tributaries that the drainage area of 56,000 square miles at Montreal is reduced to 
12,100 square miles above the outlet of the Montreal river. 


The drainage area of the river at different sections and of the main tributaries 
are as follows:— 


qos ey Square Miles, 

SR a ee a ee 

Ottawa river above Montreal and Kippe we Rivers. orca) ie: eek i oe ee 12,106 

Py ODErenA PUIVOR Siat a aia nals gar bes cya CREE hae Re, ie eee 2,800 

ERD DOMRALIVEER It.) shies EMEA. Passer, ete PoP roe EGE IM nee, we ge ais 2,133 

Ottawa River valley between Mattawa and Montreal Rivers........... 1127207070007) 1,744 

MAR Eee RAVER tina iteais eons ry, sheer utal ae akt at aor lenay 4 ih Pe seein alae aa a 880 

Ottawa valley between Deux Rivieres and Mattawa..................000 0000000 225 
Magrnanior Hiver. io. fe anata m te cag Olt, ote aay Seem Wate | 234 

ROtGL Sor Delix Rivieras (1. cdi Ost aes te ede ae fists Mota see chara taalhels « why Whe ane vee ane cia eee en 20,122 
Ottawa valley between Deux Rivieres and Rocher Capitaine. vyauwnera ce lem ee 115 

deed pe Hother Capitainestii: (30. amid date (cGl.c 0,0 <3 duos tice ake) te eee 20 , 237 
Pe Mime iver 0. aR Ree on teal. oune wed sy GA AC Ra ae ea 1 517 

Ottawa valley between Rocher Capitaine and Des J eachitis..7 3 occu eae tee 

pepenreercs Joachimsiiy sac peas ate orks cea we ean On acine  ege ee el ea ae 22,148 
EDV REELV ER ony 2 Ba cilen Cals peers aibsheg She (oo, uu em eee rl iD «Seti Sata 296 

TGA Got. kn Puke EOE Meg Ct oie adap as foi PRLS AIA Pes ist Sats cae ane eo eee Gene 1,586 

re OE Soe er ee tr eens Oh ies Wire e aR Nr on ane mies CLc enya oe ott 440 
Ottawa‘valley between Des Joachims and Paquette. 133 sci ioe SOs, Me de ee 652 

Apgar o0t of Allumotte Island iy, silt), aie o's cn dive couse’ Cs Rene ig Re kh tL ae 25,122 
BA CSE oa fered ye tcp ep Rane tae ake Sete ee ee ote he 95 

PUP SO RO LUVOT, © « core Sige: Cons oar Medals St, Ae Renee IEE a bbe eee ere 1,820 

Ottawa valley between Allumette and Calumet Talands?.2) 4.25 ie, ee ee ie ee 332 

Peo tcot of Calumet Island. (2) sr dee ek a espana can cata Bea, hut ae St ay ae 28 , 224 
Ottawa valley between Calumet Island and Chéeneaux ett soo a tact ees Cee 64 

PO Ue CHONOAUS oes oi en sace tng anics='s oa she de Foaees coer Weeks ane an ea 28 , 288 
Pir emore HAVER. ciacis fo sete cies u RUE At aren Aurea oe ee ett iy a eee 910 
NACE SAT SS aS One eee gaa MMMM EDN APs Ate RUAN ay Egat SNS) 6 3,210 

pe OCS EE ne Cer RET te Nin Mane ON Mite ANE eCun RE ribet 1,400 

Ottawa valley between Cheneaux and Chats Falls................0000 0022222220000 167 

PM Ao Bets Vela vn. Acie ins 2a dvoes'n cs wn sumgee meee de mde oh heel one ee 33,975 
CONE MED, Don ae ce aNiinle ve natlia als + a)auiiic oe SEBS: Goh, dan eee oe ae 133 

UG IVer eo, nee sts eer ct. a sSsite, ok Sa ee eyeh See! exe, seater eter en ee a 164 

Ottawa valley between Chats and the Chaudiere Pallets fichier os Say. tiie 351 

poker toiChaudiore Palsy: Pau eienn phn. «iardacnachersd siamo eee oe ane 34,623 
Peea aH iwety tn eae nn “TOMAS ts, + <5 se ge eae Aa ait te ~ SIG 
PSPERDRUEUINER Code esis MEME E Rees . iy, s. Sag gtheeeu epee Nene ne aa 9,130 

ibe HIRO. RiVGrs oc. oi, sn Meee Minas g6 no a sce Cha oo Me i ane 137 

Ottawa valley between Chaudiere Falls and Besserers Grove Joh... fe ace ee 67 

Pees oe POMBO ONS ODOT EF Re AME ox 5c tiniatigiMlany ted wet pe LOR ae 4 te Se 45,473 

OL oo Ute OE Nan emt hc =e Eee ORME AER Gk ec kee. 4,043 

BISB ONO LE MUNGO Je. onae's odo cate ON. < eeecede eee kere war. ee 236 

AGODA COR a2. | hc Ro Re RIN Te. vc oak y, a ee ee ee 1,436 

NORA AHOD-Rivers, 0/0 er cea aA. . 0) CIE, Eee oa eEe aS SoM b eo ao 710 

SONI VOL =. nabs 4 in ee SAE ke OS Re Per aes aa eG 78 

POUR MAYER (oe h.v io «b's <7 OR UMN os 24. dees ue eee, Seopa ae ieee Bema 1,780 

Cera ag uiv ens. < 25': «a> cages Aa eB ©. Ls oOo, a Op eee 

Ottawa valley between Besserers Grove and Grenvilles ini sii eet cate nen gee 408 

Pe reville: 9. soci ee ge u nes piss 6s dle dia Poeun eae en a ee 54,327 
Ottawa valley between Grenville and Carillon... .2.02222 22222122 11iiiiiiiiiititny 180 

Sil CO eee en rn eRe RAR ML Reta ck. Sec od gee 54,507 
INO 5254 bn Pela tty Se a al. ys cg ek eee tet te oe ee 700 

POO EVOR aid 1-5 nS RRR tare Sai ed ae TRA, oh ae ae a, eae 175 

Ottawa valley between Carillon and head of Montreal Island: 4.0, 3 gsc ~ ote et. 311 

poral Head ot Montreal Island sc 10%... 2.5. qu duis ween sure ube ar ee faaae e n 55,693 
Hotal eh raouth of Ottawa River. 2 0004 .Wihc. he, aun) ee Abel le meni ea eae 56,043 
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At one time the entire Ottawa river valley was covered with a pine and spruce 
forest, and about 95 per cent is still under forest. In general, the La Graisse, Nation, 
Rideau, Mississippi and the Bonnechere valleys are fairly well cultivated, the 
Madawaska at its outlet, and the other river valleys practically not at all. 


INFORMATION PRIOR TO THE COMMENCEMENT OF THE SURVEY. 


At the commencement of the survey it was decided to institute such investiga- 
tions as were thought necessary to determine the effect of the improvements and 
changed conditions of the river. Practically no information had been collected of its 
hydraulics before this. Arrangements were made to tabulate all available data with 
respect to the present condition of the established water-power plants, as well as all 
other unused power along the canal route; to study the regime of the river, determin- 
ing the discharge of the river and the principal effects of impounding surplus water 
in the spring in the upper portions of the water-shed. 

So far as could be found, the only measurements in existence were those made by 
C. E. Gauvin, Supt. of Lands, Mines and Fisheries, which are particularly valuable 
for water-power development, as they give low water flow in winter at different sec- 
tions. The results of those measurements are tabulated with those of this office in 
Table No. 1 at the end of this report. Also one measurement was made of the 
Ottawa by C. A. Biggar, C.E., and one set of gaugings at different stages of the river 
by the writer for Messrs. Kennedy of Montread some years ago. Some water levels 
at about five miles above Ottawa and those of the Department of Railways and Canals 
below Ottawa, and of the Gatineau river since 1899, obtained from Mr. Keefer, 
practically represented the entire existing data of not only the main Ottawa but the 
tributaries as well. 


GAUGES. 


Gauges were placed in the Ottawa river and in the principal feeders or tribu- 
taries in March and April 1905. One or two gauges were placed on each important 
reach. Below Ottawa, at the Rideau locks, the Department of Railways and Canals 
had kept records of the water level from 1844. Some of these are incomplete, but, in 
general, the information is reliable and sufficient. 

In the tributaries, the gauges were placed in so far as possible so that they would 
not be affected by the back water from the Ottawa, but usually they were in mill- 
ponds where the water fluctuated with the opening and closing of the gates. Note 
of the condition of the gate openings was recorded so that a proper allowance could 
be made. 

It was impossible to collect all the hydraulic data of the river, and the question 
was more to distinguish the most important portions, and how far the survey should 
go in the collection of other information. é 

In conjunction with the daily water level heights at different stages of the river, 
measurements of the quantity of water flowing to relate to these were commenced in 
the main Ottawa and in the tributaries. These measurements could not be made at 
all sections of the river where it was proposed to have improvements or where water 
levels were taken. 


METERING SECTIONS SELECTED. 


The following sections were selected for measurements of flow. One at Deux 
Rivieres; one at Coulonge; one below Ottawa at Besserers’, and one above Montreal 
for each of the four branches. These sections were chosen both on account of their 
suitability for gauging and their position. In addition, gaugings were made of the 
tributaries, and from these and the corresponding gauges of the main Ottawa, it is 
possible to determine with sufficient accuracy for the purpose of a survey the dis- 
charge at each required section. 
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Some other gaugings were taken where the measurements on account of some 
particular feature of the river, was desired. The following method of measuring was 
adopted :— 


METHOD OF METERING. 


From the soundings taken in the winter, a section was selected where great re- 
gularity in the bottom existed and where the shores were parallel for some distance above 
and below, and where there were no cross currents. A base line was laid down on the 
shore, and by means of floats and two transits reading on these floats, the direction 
of the current at different points of the section of the river was found. If these 
directions, when plotted, were parallel, or nearly so, the gauging line was located 
perpendicular to the mean. In general, it was necessary to take the measurements 
of current velocity from a launch or large boat which was secured by two anchors up 
stream, and the distances were determined by transit intersections. 

If the measurement located any undesirable feature, such as cross-currents, too 
high or too low a velocity for the meter, the section was rejected and a more suitable 
one chosen. 

Soundings were taken of the depth, and two different methods of metering were 
followed—the Point method and the Six-tenths method. Two styles of meters were 
used—the Price and the Haskell-Ritchie, and interchanged. At the end of each 
week, these meters were rated at Britannia where a suitable rating station had been 
constructed. This rating was particularly necessary especially after the meters had 
been used for some days, as the wear incidental to contant use affects the rating. 


ABSENCE OF EXTREME HIGH WATER MEASUREMENTS. 


The measurements of the river were continued throughout the season of 1905. 
This reason was marked by no extreme fluctuations, either of high or of low water, 
and it was hoped in the spring of 1906 that high water might ensue so that a 
measurement of the quantity could be taken, but the spring of 1906 was again a low 
spring and’ was followed by an extremely low summer, as will be described later. 
The complete list of gaugings is given in Table I. 

Since this report has been written, the spring and autumn of 1908 furnished an 
opportunity for the measurement of high or low water, and these measurements are 
inserted in the following lists. 

The discharge curve at Besserer’s Grove has been altered slightly to conform 
with the more complete data obtained during the spring of 1908. 

The measurements taken in 1907 made the original curve appear to give too 
small discharges from elev. 131 upwards, hence note No. 2 was added to the daily 
discharge plates. 

However, since the printing of these plates the river rose to a level not reached 
since the year 1899; in extending the curve to intersect the gaugings made at this 
higher level it was found to conform more closely to the original plotting, a slight 
variation occurring between elevations 130 and 188. 
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TaBLeE No. I. 


Discharge Measurements of the Ottawa river at places mentioned. 


THREE MILES BELOW VAUDREUIL, QUE. 


Water 
: Level Discharge, Elev. Drainage 
Date. Year, Gauge, cub. ft. Zero of Area, Remarks. 
Upper |persecond.| Gauge. sq. miles. 
Grenville. 
Mavala crate ichcers 1905 135-75 29,879 a WS Bip cs tate es eee 
AMUSED setae ais 1905 130-12 SSG Ta ss ce eae Lem ieie c italia 
November 2....... 1905 129 -26 TLDs: | eet Bred pts mre 2 8.0 
UL Va ee cle sense es 1906 130-41 CE QAO coe he ncleonebite |e recs. wots ox 
March 12-13... 1907 126-56 PBL OO Garten cee oe ices ve cee Back water from the St. Lawrence. 
May730 see cae 1907 136-10 ASH SOO Met e oeeusteisceule Greats cudbleds ts 
Apieavey aly (haiee 6 1908- 135 -85 SO C2SOm ears ell tie Sah 
STE. ANNE DE BELLEVUE. 
Manacinerteaan ce 1905 135-75 41,399 PV Sor ice ak 
ANUS 4.52 8s ae 1905 130-12 PAE S SOR ex ers areca ee einem oe caves 
November 3....... 1905 129 -26 SSA sR eed si len Se HAT 
Jaliy Dl teats ctateys 1906 130-41 gel Vay Oy an Teac een Pears lee, Se sen ara 
May Sliven ot 25 <r 1907 136-10 BOR Tle aeaet errant cae emanate oe 
dhitctsy haa ee 1908 136 -35 BD OV Te WvacsretAbs de ssc. [Pt diets usiecd cooks 
BACK RIVER. 
September 14......| 1903 128 -68 26 Boel te ce haga Mae eter eee Est’d., C. E. Gauvin, Que. Govt. 
2 NERA aR SPORES Oe ce ee Low water. DOROOOM retreat ieee: c Y vf 
SMEAY 22 a tee cee: 1905 135-75 64,530 (tn WOO SY Hp ot ee Rab ody At Cartierville. 
AMNPUStIS. oe secs 1905 130-12 SEN OTe tor acca tae oursce . 
November 4.......| 1905 129 -26 QS NAT Git aemeasia sewed renee ie de cu ti 
Ube lists Siew. atl arssere 1906 130-41 SE 65 Gal niccaten an cen wees os as ces iy 
Mars iliworas st eta eee 1S07 136-10 ST OSS (ater cnc cere eer rane At Cap a L’Orme. 
Mays Tis Soy eee. Se 1907 136-10 SSZO00 CI eek che Panny ae n e Lallemand (estimated). 
Re ee eral ent aaica | Sa tisee es vo eee ace C2 OSLe chelsea poise + oiler ei Ota or two channels. 
September 2-6.....| 1907 128 -47 PAE VAG Gl PERSE OMe Mico Gk Hine McGill College party. 
neu Ose LOO Sa 135-52 Beads 10 pal ction sasha ca pet Ca Head of Lallemand channel. 
JUNCUS eo ee 1908 134 -93 B2 SOLON ia te: ace eae kes Ste. Genevieve. 
Pee era APN oie os eilteeen aoeriauch Paes gee Sitios cGy M8 17 anlar ene Re de oni (3 Sr, ae Total for two channels. 
MILLE ILE RIVER. 
Ma 2O Mors erartients 1905 135-75 17,559 ERT 35 «liters <i At St. Eustache. 
Tang ULCA TS} Hy A ey eee 1905 130-12 35486 ly tate cee lpteetorttn .s 2 
November 6....... 1905 129 -26 12864 lbeactocn ace iees pester coe 14 miles above St. Eustache. 
tA Seta ce 1906 130-41 DESC Di il Roce ecchrotec ee |Peeremaer eee From C.P.R. bridge at Rosemere. 
June 1.... 1907 135-85 18) G40 | ate ois eRe lees: 6.8 oa 14 eee above St. Eustache. 
June 18.... 1908 135 -68 LZ OLS 5 aes ates) aera sto. C.P.R. bridge at Rosemere. 
TOTALS FOR ABOVE FOUR BRANCHES, 
May 20-24.......-..}| 1905 135-75 aS BLO 117 -35 55,700 
APUSE 2-5 ie ccc i, eau 1905 130-12 54450) heute asetctoeeka le ceeewerenens oe 
ovember 2-6,.....| 1905 129 -26 AD SAG iin captense oer e ters atemaetrann ots 
OUVet Seeley cae 1906 130-41 LAY ones 1 88 Daal [tech cen cme reece tl locichc, cb eyes 
TOTALS AT MONTREAL. 
May 30-June 1.....} 1907 135 -97 TOO. DAS via shay en ans eee emer 
WINE 3-23. 5 «esheets 1908 135 -62 LOS PIO CTS hs ee ote eee mes. 
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| 
Water 
Level Discharge, Elev. Drainage 
Date. Year. Gauge, cub, ft. Zero of Area, Remarks. 
Upper |persecond.| Gauge. sq. miles. 
Grenville, 
IME: ip ULE ss eae aie ee 1907 136-30 | LOS OOO airs cheno nee ae Above Carillon. 
PN TWPUStL (se aie al 1907 129 -63 AT SOO |i miweraee alee aes eee $ 
September 14......} 1907 128 -52 SSo OE esha crate tall cok nee ep ees c 
TUNEL O Loe ee ol L908 136-85 468 5009! re hie eee eal cree oleae At Chute & Blondeau. 


Soh: | hee ae Sei hers eines ass AO YA sa ie A Per nS SOL ihe eta 
BESSERER’S GROVE. 


Rideau Rideau 
Locks. Locks 

UIME TL Seis: aie a ensteseyail nl QOL 145 -80 LSD OOO wesc okeserseners eens eae Est’d., A. McDougall. 
Mie Sitcisiawe isobar ate 1905 136 -97 74,531 122-47 45 ,473 

ES 5 Wy ee te ee 1905 139-64 VTC OOO Seite cee ein ten et 

June 12-13........ 1905 136 -72 SIS OT Sal ancora oe ieee eke 

tl yxdeon-ae wen 6 61 1905 133 +64 HA SIL Mis camrcreeoeh tr aa 

IRL Veo Seierstcenie. 1905 132-39 ASAT Vislezyccamrctcnspnetes Beas eet 

September 6....... 1905 130 -06 2 DAO ent rotret ee eerste ie 

September 30...... 1905 129 -97 ZO OOO ee vest ateane ee reer a Est’d., J. B. McRae. 
October 28........] 1905 131-55 Shy Goon lpm. stochc Pipeeaeee laa ation une 

MS yal 7). pee scone 1906 140-30 NP Pha yr Naber ety halts Eonwieny prt 

September 11......] 1906 128-51 si AOR eeepey eect napa ee et ose teeter 

September 12......| 1906 128 -45 LTS O20 Fee eee cal cette ae 

October 13........ 1906 128 -00 E5 SOOO Bice aren ceaent ees lewaee eke 

Jul Ber 707 a ee 1907 142-00 TAD AGS 2 iyeccee cetera are an oe One 

Maya Gie: ose eet 1908 144-09 160 FASS a ecR aire eect eee eee 

IMA Vall eye rcsga ic es 1908 146-13 LSS SAA Quali erste ta teistare ae aoa eye 

Mia vel hye cet.) as 1908 147-1 198° 660 Re ae ee eee oe 

October 3........; 1908 127 -72 VAG LOW arccieeah raya ecet| See cieere ne 


ABOVE OTTAWA. 


Head Head 
of of 
Deschenes Deschenes 
° Rapids Rapids. 
Rees maces 1900 | 190-07 | 20,842 | 187-47 | 34,623 |Est’d., Biggar. 
March 17-18.......| 1904 189 -39 EES SOO ae ee et es es Chaudiere owners, A. McDougall. 
Mave O= 1 2. hice teins: 1904 196-72 BBY 7: Rian earn ee oh Alec Ue argon. ale of : 
JUNOMS veces tee. fe O04: 197 -26 TAS LAS sia eeiere see eae seen eet se « 
ly aa een. salon 1904 194-64 Bic oy mal a see ee ela Mere tn THEN be ss 
PNUPAISt 1-2 os een 1904 192 -22 AS HUG Sacce stamp ter eee « « 
AU SUSts 1 Oona. cians 1905 191-42 3145S week: eter ail an Oras 
September 30...... 1905 190 -97 23 O00 SI one eae eee oe J. B. McRae. 
. arge 
Price 
Meter. 
September 17...... 1906 189 -89 ay tet pentiee ea dsc Bee lars ece aie 1,000’ below old burner, Skead’s Mill. 
askell. 
September 18-19...| 1906 189-81 IS S250 Mio ceiees eee cl ee ee 
March 18-19.......| 1907 189 -67 14 OL Gal cmecetn sister || earcrrearce At Besserer’s and the Gatineau. 
October/3S0h 1908 189-79 TLS 200} ese oe eee Estimated from measurements, 
PORTAGE DU FORT. 
Portage 
Channel. 
September 13...... 1900 | 2ft. above 
Wiese ¢: 10 Al te tse ge IST ie fe wants ae ca Que. Govt., C. E. Gauvin. 
CALUMET CHANNEL. 
August............] 1900 | 3ft. above 
Wine 1655655 sep nos eee nec eae Ferry at Calumet vill., C. E. Gauvin, 
Bryson. Bryson, Que. Govt. 
Val Decrees rere 1905 346 -04 26,711 S40834 eras eee 4 miles above Campbells Bay. 
November 16......| 1905 342 -39 T0925 4|t Sain test trae oe Oe 6 a o 
Piet etettieiee kvsin cisichevelicra broke Low water. 8,000 |............|........|Assumed, Grand Calumet Falls, C. E. 
Gauvin, Que. Govt. 
UNG Zaleas.. «che elOOT 347 -44 35 000 Sy cars| ee ee Ferry at Calumet Village. 
NS VEUG wie. cree 1908 | 348 -60 AT ADS Cenete sterctote ceeoll arenes At Grand Marais ferry, float measure- 
ments. 
NEBL a5 scr core 1908 348 -60 20 PG a SPE oh a en aa Cs * oe 
ORR eo ee 1908 348 -50 46 DGB a na eee “ “ a 
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GOWER POINT, ONT., TWO MILES BELOW FORT COULONGE. 
Water Discharge, Elev. Drainage 
Date. Year Level cub. ft. Zero of Area, Remarks. 
Gauge. |persecond.; Gauge. sq. miles. 
Gower Pt. Gower Pt 
IM aya be ee ina 1905 350-21 62,905 343 -41 27 , 900 
DUNC 2S reve tessa sh 1905 347 -66 AA SEV e\aisies ste tiedsciteroets oes sts 
November 15......; 1905 344-26 O37 GIS) imntsmetots eu reamrebe eae chars 
June 16....... 1907 352 -26 OS SLOO Wlcteiens leva chore, bela el oiactto etart 
Miaysliy tere oie ole 1908 353 °85 PZAM BS Sir le een ee ieee eee eaves Float measurements, 
Miayat'Gitiee ce fale: 1908 354 -00 nD A7: Seed Os Ta eee ae Seo (Smee ene en > Me e 
INAS Wawerer sci \eiais 1908 354-05 TS LEZ (eilinse cust chedcten es (cr erewe oeronere lone & a 
Mayol were ccs 1908 353 °95 ASSAY ow: al lene deri eecia) cbel lene ore JE & i 
i EWN PS Sis cree, Oe 1908 353 -80 P26) S24 itt.) iepstee oe slereters ees ietoacks ss fe 
ONE MILE BELOW ALLUMETTE ISLAND 
August Gs |. ..... 1905 344 -76 20,014 343 -41 26,072 
November 14......| 1905 344-31 LU SIO, spas areieeann ja ie cas enceateme ote 
June 15....--. «=. 21, 1907 352 -32 OOP OL een ven ccstemy | egeustetucmee css 
CULBUTE CHANNEL. 
ASUS Gone crenal 1905 344 -76 2,791 AS eA eee ortean cats 
November 13......| 1905 344 +46 ODO: \ivatac ties he Beye tector 0 
MayitSioneceite. <ais 1905 350 -21 4 S04 dole od het oic tec From Chapeau bridge, C. E. Gauvin, 
: Que. Govt. 
Wi Rhieil bere Cee LOO5n heres se eae BB Orie accra ttsoes al orc tun cre aaa se Floats. 
TUDO T A oe oats ore 1907 SD 3 allt ateraeieucsheee aitewyors arses ee eke aval From Chapeau bridge. 
DES JOACHIMS. 
Miarehisct: etc coe | 1901 iow water. 9,050 | Sieg dcqe te ers | 22,148 |Est’d., C. E. Gauvin, Que. Govt. 
i ROCHER CAPITAINE. 
March 14-16...... | 1901 [Low water. 8,400 | Bhi ah ney ote | 20,237 |Est’d., C. E. Gauvin, Que. Govt. 
ABOVE DEUX RIVIERES. 
Klock Klock. 
WEKG IG, a ete Gormcne 1905 484 -90 44,511 474 -90 19,880 
ay 13, ’06 
DIYS Ee ee lasts 1905 480-15 22,058 48056. ae ee 
Vie 8, 2 OG lire ecto: 
OctoberiG.n. . oi. - 1905 476 -95 14,021 ATA < O(c eee rere 
Se ie seminar 1906 489 -25 OATS eo arom clos |Sio cine.nocre 
June 12 1907 491 -06 ide LOOB I rteeronstersconene | aeemeransecer) = 
Mia yinl Oe ied tecteccuchs ts 1908 490-51 RO OUMES SG 3 ceo po cyleoau So oodc 
MS Vo2O Rs etsceicrsens 1908 490 -66 TO AAS as craicl o orators taeranoe te as 
ESD, D Says sucteleteloh- te 1908 490 -86 Chey Weer {ik iGloa Damimomtir cn vo” 2a 
UIT suektrssel cel acexe te 1908 491,96 SR res Lael ois icon ditesdio Scho cps ake 
June 10 1908 491 -66 Si G4 Dek lirepadcteva acer |lerene graeme enna: 
June 17 1908 490 -56 7 TOG abs oe en ee ee 
MATTAWA. 
eo a ea Da oe Ra lca le aE Eee kd ene 
Marcha sss ae sess 1901 |Nearly its 
lowest : ; 
pitch..... SV pS tale ORE eee 19 , 663 ees Ry. bridge, C. E. Gauvin, Que. 
ovt. 


yg 
SIX MILES ABOVE MATTAWA. 


Ass’d., C. E. Gauvin, Que. Govt. 


ee se fa) eee eB | sO) ahOUND lism © Lees fe bie « 


( 
| 18,700 
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LES ERABLES RAPIDS. 


Water Discharge, Elev. Drainage 
Date. Year. Level cub. ft. Zero of Area, Remarks. 
Gauge, |persecond.| Gauge. sq. miles. 


IMarchiys Si@iia neers 1901 os water. Cig hOOT| ourasehiese wes oretee here cies Est’d., C. E. Gauvin, Que. Govt. 
a tg ene ee 
LONG SAULT RAPIDS. 
°° Se eR TRU GCSE ora oe ts ees ree rae aaa OKO A LA 

Low water. 6,500 | By eee ataneral ete | 18,060 |Est’d., C. E. Gauvin, Que. Govt. 


GAUGINGS AT THE CHAUDIERE. 
——— ee 


ELEVATIONS, Discharge, 
—— Date. cub. ft. Remarks. 
———___———- ~ —— |per second. 
Head. Foot. 
1905. 
Waterworks aqueduct............... June 21 168 °57 144-57 682 
Ottawa & Hull P. Co., head race....... HT cece Wl coh na ahs Scam GU lide eke ade Ube se lacs bing tes 10 to 1 p.m. 
Ottawa Electric Co. No. 1 head race...| “ Die paslleh esa tiaee Potanee | Meee geek st eae cleealieh cao 3 p.m. to 5.30 p.m.; 
cancelled. 
Ottawa Electric Co., No. 1 head race..| “ ipa 165 -27 136 -07 1,089) 3 p.m. to 5 p.m.; mat 
worked out, leakage. 
ronsone’ head race.c.. . 66. esc eo sl if 14 164-55 140-40 543|Above rack. 
Ottawa Investment Co.............. i ane 164-55 140-40 519|Below rack. 
Bronsons’ head race................. “ oS On Or aes See smelt a ne aOR 971/9.20 a.m, to 11 a.m. 
Ottawa Street Railway.............. $ 1 Ufone Rereaceuches cane ere lees epceeen an 274|5.10 p.m. to 6.15 p.m. 
Ottawa & Hull Power Co............ Y ZOE coors ae een | cee menatye mena | cee meee eee 1 p.m. to3 p.m.; 1 wheel 
running. 
Ottawa & Hull Power Co.............| “  20.. 169 -12 135 -48 1,560\4 pm. to 5 pm; 2 
wheels running, 
J. R. Booth’s head race; saw mill....| “ 22) 169/40) oer ae 2,591 
J. R. Booth’s pulp mill tail race...... “ DAES SIS oe deh Sa I ea Na 3,716;Soundings made on Sun- 
day; water quiet. 
ORE GLICO. uu ic. wms Soe acess ie eee vs PARE a PRA ota) eT I Sore hae De 412|Float measurement. 
E. B. Eddy’s bulkhead.............. AP ket epee PM, SORE foal Lor oe tr ae 5,078 
Ottawa Street Railway Co........... Aug. 18.. 163 -54 140-40 934|3.45 p.m. 
Ottawa Electric Co., No.1 P.house....| “ 19.. 163 -74 136-06 928/10.30 a.m. 
ironson’s head race... 0.0%. 6k oaen. “ 19:5 163 -74 136 -33 984/1.30 p.m. to 2.30 p.m. 
Ottawa Investment Co., Canada Saw 
VO rR Seis NE Ce ea By Loe I 2 DIC Te ha avian a en el eae arte cM De meet fei go deg Sree 3 p.m.; cancelled. 
J. R. Booth’s pulp mill tail race...... ie Diliew. 162-11 140-08 3,501/9 a.m. to 10.15 a.m. 
J. R. Booth’s saw mill head race......| “ ee L6SihGil eects ee 3,574 
Consumers Elect., Ottawa & H. P.Co.| “ DA Wee 168-31 136-30 1,555/4 p.m. to 5.30 p.m. 
woe dd y's bulkhead= oo 428). 55 4 oe as 22 166 -84 135 +20 4,098/9.30 a.m. 
E. B. Eddy’s saw works............. f PP eras Ree ec AP Ret Su Sag WS eee aya eta 1.30 p.m, to 2.30 p.m.; 
cancelled; water ch’gd 
Waterworks channel................. < ae 22 VEO ODE a Ricerca 541 
1906. 
J. R. Booth’s saw mill head race...... Sept. 27.. L645 Fi gatse tere ice 2,421|7 a.m. 
J. R. Booth’s pulp mill tail race...... Pat keV RG cardi 5 9 Sg RAP Ree Re 8 1,372/10.15 a.m.; float meas- 
urement, 
Buchannan channel). } 5460/0665 6 ssw Oct AE Dita aPi eit Is A Pe 2,104/2.20 p.m. 
Ottawa Street Railway.............. 3 PA a rin eee ee ok ie ne Re 554 
No. 2 power house bulkhead.......... & Disvsiltegs ke ee ite teria eae tee 1,256/4.50 to 5.07 p.m. 
J. R. Booth’s head race saw mill..... Y 3 TOS TAN erate te otal 1,908/8.15 to 9.20 a.m. 
J. R. Booth’s head race saw mill..... rs 3 piv. Sor. Alco Ne Sen 1,772|2.45 to 3.57 p.m. 
J. R. Booth’s head race saw mill..... S 5 UGS 27 eke sine pclies 1.757/9.50 p.m, 
Bronson’s head race,. <i Se hore bee as : 6 160 -86 128 -30 602/2.40 to 3 p.m. fe 
Ottawa Street Railway power house..| “ 6 Noeleyv. oullemise ee 482/3.40 to 4.05 p.m 
Power house, No. 1 head race........ : 6 164 -28 137-11 1,215/4.30 to 4.55 p.m. 
Bronson’ head race.) | 66.5 ea 38 8 161-85 133 °35 690|9.50 to 10.15 a.m. 
Ottawa Electric Co., P.H. No. 1...... . 8 161 -58 135-31 575|10.50 to 11.25 a.m. 
Ottawa Street Railway tail race.......| “ 8 163 -92) 140 -69 665/3 p.m. 
o. 2 power house race.............. 5 8 VG 592 lierarenetteraaee 1,032/3.25 to 4.15 p.m. 
J. R. Booth’s saw mill head race..... sf 9 EGA SOT cece cnne), 2,205/8.40 to 10.10 a.m. 
No. 2 power house head race..........|  “ ub TOD 2a acs ane 1,132)11.20 a.m. 
No. 2 power house head race..........| “ 108: N65 238) ets ese 1,085|9.50 to 10.25 a.m. 
No. 2 power house head race..........| “ 10.. BW S557 (F fl eee nana gets 1,189|2.20 p,m. Estimated, 
added increased area, 
Ottawa Street Ry., from bulkhead....| “ LOS. POS QT cro ee 577|10.45 to 11.22 a.m. 
Ottawa Street Ry., from bulkhead....| “ Oe: TOG SS dil sek rs ete 702 pipet added increas~ 
ed area. 
Buchannan channel................. i Loe ROG A eae eee 1,145|2.40 to 3.14 p.m. 
J. R. Booth’s saw mill head race......|Nov. 19.. IGE 12S ee ee 2,448/2 p.m. to 2.50 p.m. 
Buchannan channel... ee - af! es LGel Zia 2,598/3.10 p.m. 
Ottawa Street Railway bulkhead.,....| “ TON. AG Gs BOt acer Lie 1, 842/3.55 p.m. 
No. 2 power house, eo4c4). 2, Mae. - 19.. 167 12 een EE, ; 
kd 
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Discharge Measurements of the Ottawa River and Tributaries at places mentioned. 


RIVER DU NORD. 


Water Discharge, | Elevation,| Drainage 
Date. Year. Level cub. ft. zero of area, Remarks. 
gauge. (per second.| gauge. sq. mile. 
JANG ed Osn.r.. 1 QOS gadis ties eatioven: QO Oriana pect 455 |Saunderson’s rapids, estimated. Mr 
Leveille. 
Ass’d 
JUNGw OTe 1905 94 +23 883 89-41 700 |24 miles. W. of St. Andrews, Que. 
low water. D330 slaps es dares 455 (Mr. Leveille. 
Ang e152. 2: 1907 93 -92 AQ AN ails patna eke stale he 24 miles above St. Andrews, Que. 
Sept. 13.... 1907 93 -70 SRT pileteys chao rar ie rea Weees avevere wee 24 miles above St. Andrews, Que. 


Ass’d 
: 84°93 1,780 |6 miles north of Calumet, P.Q. 
Marae crn QOS | aecteeee areas SAT AE See ere icane lPactecmonrerst Wm. Kennedy, jr. 
June wy Pe... 1905 90 -33 PWS Ui a? TAPS iy Se ap se br Da Tee 1 mile above Ross’s power house. 
Avge iL t:4. <> 1905 88 -93 TP SIS) Pid a oath cnet eran e ar saa 
Ex. low. ASA Osi Kee Birt bPalell aaa Sect gate See Wm. Kennedy’s letter, Feb. 13, 
1906.—Pringle. 
May 29..... 1908 91 -43 0 42h Wats ated care ee ee lho asec a ie Johnston’s ferry. 
NORTH NATION RIVER 
Ass’d 
87 -52 710 |% mile west of Plaisance, Que. 
Nov. 8-9.... 1901 about the io (A aR ap Se Rs oa ae eh At the Oxbow falls, 
lowest L. 
June 1....| 1905 92 +82 fe FR RC asic dt le la fae 
AUS) Met. 1905 91-72 Dee S2 OM cress tee areysot| rate Papegewen eats 
May 28.... 1908 93 -72 Sy G49 Tei A cto sea | teoietemarteons 
BLANCHE RIVER—(Bic BLANcHE) 
Ass’d 
100 -00 236 |3 miles west of Thurso station, Que. 
May 31.... 1905 103 -0 iio oad Crs Seren 6 GAMER le 3 oa o bee ene 
Aug. 10.... 1905 100 -81 VOT ialsiere ci ciatn's sole teren coherent 
May 27 sc: 1908 101 -2 AAO Ue nee ah estate gence ete Lower dam out. 
RIVER DU LIEVRE 
Ass’d 
85°71 4,043 
April 6.... PSOGN Ae st. ss 22500 Fite cas tice ss ate a eee J. Kennedy. 
ANS PAB oo TOO lige ys ctetccan eters D D4 sii inca a cavern et ees areata Just above ich falls. (See Wm. Ken- 
nedy’s letter, February 6. 
Sept. 24.... 1902 es ce eae LAS tiale weaseeee 2,204 jist range Tp. of Campbell, Dept of 
eM & Ha C: Gauvin. 
Heb, 20. - + LOO5 Ar eae sirens ys eae ee creer ES ENS Price Accoustic meter through ice. Mr. 
Farlay. 
May 30.... 1905 91-61 T2456) Miles Bes Oe howls meets 
Ang.” 10,0 1905 88 86 D907 Ol es oa acs y opeceranae ee 
ING. 9% cies 1905 90-01 S734" Mila hint e elon ee ae 
May 21...: TOOS ee Call orcccceuers evox 20 OSB) bainadetiosss lov mtaeniet aces Float measurement. 
RIVER BLANCHE—(Littie BuancHe) 
Ass’d 
93 -43 137 |2 miles east of East Templeton, Que. 
May,’ 29.) .,.. 1905 97 +23 DG lee eae as ae 


ANG Yi Apel URGES 1905 96 -63 SG vale ena ss Mie hoe Cee 
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GATINEAU RIVER, 
nS iE te a 


a 


Water | Discharge, | Elevation, Drainage 
Date Year level cub. ft. zero of area, Remarks. 
gauge. {per second.| gauge. sq. miles, 
Ab. M.S.L 
Zero 
Septic... 1 QOD Pas cn .ccee tenes BOSE Hailiistesserdeteea aie een eae Estimated from Maniwaki gauges. 
E.L.W OOD ON a See oc tose anys Beene nea: Estimated from Maniwaki gauges. ‘ 
Seo LO | Reiners oar eee eee East channel 1500’ below Maniwaki 
Octo 7 1902 2f. ab.L.W bridge. : 
SLD Slave ce tee ets ale ne ENS West channel, Dept. L.M. & F. 
ASZ50 Nia teeta ace Total, C. Gauvin, Que. ; 
Oct. 14 1902-F this Soxkieus 4 57240 ire se ah eel ae eS Dept. L.M. & F., Que., at bridge be- 
tween Hull and Gatineau Point. 
May 18 1905 212-49 35,103 205 -66 9,130 /|Chelsea. 
Changed 
Aug. 14 to 
June 10 | 1905 208 -91 19,863 203'6628 | Faeroe Chelsea. 
July 1905 206-74 TL 5 GSS Slee eer | See ae eas Chelsea. 
July 27 1905 206 -24 OSL ieee weber en Cee Chelsea; 
Sept. 2 1905 204 -86 4 897. Se Bos a tel eee 
Oct. 25 1905 206 -56 LO F256 Ay Ria cah Sneek At mouth. 
Oct. 27 1905 | 206-66 ds” Re eo aL ene ea ee At mouth. 
Nov. 2 1905 206 -06 LOESAS Sa Serene eee, aire en J. B. McRae. 
May 15 1906 210°5 32 (442 58 ee A a Ee eae ein Above Ironsides, 
Oct. 15 1906 204 -66 DgOUS. orders pee leet ae Above Ironsides. 
May 25 1907 212-71 215 F094 Ma pace eae een ert Above Ironsides, : 
Aug. 29 BAL UY anctine i ipso rol (0 DAUR ee trea MAHL eee anise) Ae etait Gens ce Terre river, 4 mile above 
mouth. 
S29). LOOP: ae na Soeelclleih oF ge fora notis Simaanrota line leon aR Se RM NER oe 33 miles above mouth of Gens de Terre 
river. 
Aug. 31.. CSL gia erprenens eeeate cet arene cor (eae Pe ieee nal Weg me) Desert river, above bridge at Maniwaki. 
May ene Tac 1908 213-16 AT 920 es eee ON ee ee -.|Above Ironsides, 
ie 12.. 1908 214-46 585450 sels lee Above Ironsides. 
Paha oeon: 1908 214 -67 OS B42 men tite ote tive aad Above Ironsides. 

Sept. 30.... 1908 203 -96 BAe OY i (ry tinct ee Oe Dae Ful gies oe Above Ironsides. 
a a GE ae re ee ee ee oe 
QUYON. 

Ass’d. 
Mary 8058 cose 1905 105-10 208 100-00 164 
Ma Soe ee ee eS eS ee ee ee 
COULONGE. 
Se an ee ee et SED aie NE Waseem ss OS 
Ass’d. 
EAVES Lites .ss tee er ae 1905 105 -30 6,466 100-00 1,820 
eIUINO? O's custo ot 1905 104-40 SALAS Osco nie aoe tla 
PAMISUSb IL Ose wee on 1905 103 -40 LAST Phist. ocelon mec ees oe 
November 14......| 1905 103 -70 Dy LOD A ae coteee teeters sete enact asc 
IMI IOO lee aie 1908 108 -70 LA BOS oles cute ects seventh ete oe Float measurements. 
Ma y226 {os ees os 1908 108 -50 LUAG33a|2 ees LS EER Se a s 
JEN NICOd Sarde cena ames 1908 108 -50 LDS OS6 Flckscceumesaact SAE eee ¢ a 
Lh set ae hale eS ——s 
BLACK 
Ass’d. 
IMB 31 reste: 1905 104-43 3,998 100 -00 950 |At Waltham, Que. 
June 29.. 1905 103 -64 BOS Tere ose eee tet 
Augustilosr wes... 1905 102-40 Foe CANE occ GEN Re, bea 
November 13......| 1905 102-89 SUG c Awe ct ees |e eae 
une lbs os. 1907 LO ca Wy OM reser Pac ete, Ronn US ee ae de Se hy hall 
LIES 2 Pa einer roe 1908 105-70 f ATS ae areas Floats 
10h zit 47) es AO sor 1908 105 -50 GUTLO a RAR es |eparee tea tee “ 
DUMOINE. 
Ass’d. 
100-00 esa h/ 
SEREIERM Ss se od 6 0's ide 1905 103 -80 450007) cee ole oo Sees 
PUEUS Gr 25a axeee sare 1905 101 -02 LO26 ai canted ge. aaron ae os, ee 
Motoper B25 rea. 2 1905 98 -85 OT 2i edn etic oer ae eens 
Mia S 2 oui toe ae 1908 LODEOS:.'5.5cieacacure op at Me cee oR a einer ed 
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MAGANASIBI. 
Water Discharge,|___ Elev. Drainage 
Date. Year. Level cub. ft. Zero of Area, Remarks. 
Gauge. |persecond.| Gauge. sq. miles. 
— ie nae ES 
Ass’d. 
100-00 234 
UNC Tkie cere 1905 102 -23 GPA IBR corer ey tnt 4 Zi de aren y 
ATIPUSt Rees tis co) 1905 101 -55 LSS. clese lace eye meee cl coh 
October Jas sn ase 1905 101 -02 Teak peta ate ameter ee 
19 Fate 1 Bae ene ae 1906 102-45 TS 2 el Wiss Are Mey eon lees 
June 12 1907 102-34 GOONER Be ere deren ees aces 
1) EAA DS BO as pee 1908 HOD SA lee veins ie Shera eenes 2 eppaittiel ee ete Mee a eke 
is Be ik Se Se 1908 WO Ao a fom bare Ne pain ese ie Rene Cue ee Barat Acs Mac AO THE 
KIPPEWA. 
| | | 233 
March 22.... ..| 1902 Low water. GOST Pos Stain. eee ten ane eee Die Ae Approx. at outlet to lake. C. E 
| Gauvin. 
Maren 240. S00) 42 211 902 Low water. 7G eel teens, eal Stn Dew Gordon creek. C. E. Gauvin. 
| G40 Gece Awe ee een Total low water flow from lake. 
C. E. Gauvin. 
LA GRAISSE. 
| Ass’d. 
March 29 175 
Sworn 
April 15 | 
SOGhda ene oe 
April Sis... 1905 92 -55 1,997 Aug. 31 
oi S48) ciara ne. 
JUNCET. 50.0 1905 89 -34 QS sae ee earn | eee iesed 
NATION. 
Ass’d. | Near Plantagenet, Ont. 
MarchroOs cra. coe 1905 95 -64 17,708 88 -49 1,436 
Jure 8 1905 91-28 DEA Gal eS rere ap ee bain A ae 
MEA VAS coe coe ele iets 1908 |Gauge out. TR OUGa ihrer able eh eee: 
RIDEAU. 
No lev. to 
zero 1,516 
a4 0) | al Regs See Ne 1901 | No gauge. EARS OO |seecccun 5 oiencsl eee = Andrew Bell, C.E. 
April 20-21... 1905 2-77 236i liste). jcriets cinta 
BRNO l Gs ta ea FOOD 1-40 233° )) BUN ested een eenN beech e Wa ata 
August 14......... 1905 La70 LOD ara el sedate eee ees 
Nia yal Sacre oe re 1908 |Gauge out. QRAOOw iron w etec nes [rveeee eee. 
MISSISSIPPI. 
Ass’d. | Near Galetta, Ont. 
PADOTUN NS cote cs crs.cder newer 1905 91 -99 ion 87 -69 1,400 
PUTaNG 2b 5.) ids eeor tere 1905 89 -48 ZeOORRWES craks cron | bah eee ‘ : 
FAQIPUSt On toc. 1905 88 -74 666 -3 } Be eT N ge bed gs a ‘Highway bridge, S. channel. 
ee Leelee Se 1905 88-74 FOG | See Se ae oo gia “ a ona 
MS 7 Grier ta ican aera Total. 
October 3... #60 1905 88 -06 GOS ces oie te Ry tes Cee 
March 30). 6... cs LOG Coe es LOOK Beers oe lee High Falls. J.B. McRae. 
Mas 20) ott ee corarncts MOOS Tiassa cites 2 SOQ Maratea racine lathe Soret 


258 DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., A. 1909. 
MADAWASKA. 


Water Discharge, Elev. Drainage 
Date. Year. Level cub. ft. Zero of Area, Remarks, 
Gauge, j|persecond.| Gauge. sq. miles. 


Ab. M.S.L. 
253°15 3,210 |At Wallace bridge, 8 miles W. 
September. 12, ..2'.5|) D898 i. ae cs es AT 4 ch achat liane, aR ioe or saen see am {WE se McLachlins, 
PANS Avent. 5, eaiereral| BLOOD 257-15 Le GOA | Ace ohes sees oh Chetan eae one see W. L. Scott, C.E. 
April 25 weve 1905 256:°73 Ge SOQ) Seen tte cers balteroee dreteacs c1cets : 
June 15 1905 257 -88 Ad Lule cpaper eters seul ecu sole bayer encre 
August 5.......... 1905 257 +65 ALS 66a cosy, cre als ee Nae ar ateneeakor ste 
IVS Ole rec sone enchis 1908 259 -15 Se LOD ee ar tewae an oulev a aieetic rors 
URUIBRIA 1S ecpeaeterre ceca tc 1908 256-10 Ppt eA OW eacacnts Nereis) (cen pos Oh 
September 8....... . 1908 Q5l AS BOOMS eater gs Fas Boeke hate cant Estimated. 
BONNECHERE. 


No levels to 


gauge. 0) 
April 26........+..| 1905 1-65 tered Weal ech te neta ics o oka At C.P.R. bridge, Renfrew, 
MUGHE tL Oos sce eens L905 1-50 TAGES S [caw crrenencaal | cceneoneeonerene 
PATIO UIST 4 i cee terete 1905 0-70 SEOs eee sheetal errs latieie es J 
NE 28 art ee HOOSE ae ee | BOOT kein eth cue ee 
MUSKRAT. 
| | Ass’d 
88 -94 440 | Pembroke. 
April 28...........| 1905 | 97-19 A00F 1 eRe Eee es 
TUNE Gece eee LOO 97.14 AA Mal sic Rapti ga Nice Baits gion ay Oke 
August... ete: 1905 | 93 -62 POOP Sek pie eeeeteo esl ch cvometernte ares 
J 
PETAWAWA., 
Ass’d. 
100 -00 1,586 
PATIO os seus ene a HL OOD 100 -90 Ls SGA gl aumerckar ctanetenlsceseaees trees | 
GUMCHE avn. ceecneen L905 102 -36 4 OOO FI isa exstene cheno er tua suena aust 
JN IATCAR Sergei tub oa 1905 101 -35 Dy GA (ial a eee enoalloys eae rarer 
Wctober 4.0.35. 5 1905 99 -60 GOOG Bae e ae | eaas eirans keee 
Naval Sm. ae 1908 103-70 6 GOA Laas Meese are digd 
MATTAWA RIVER AT MATTAWA. 
Ass’d. 
490 -27 880 
April 14 1905 11-60 2: OOD iare eerste oo | zerreeatercet ol cstogrs 
May 3Ol. Ses fe sa: 1905 9-50 2 S85 Meese en an eee Se 
PNUISUStHD Secs aes 5 8 LOOSs lone SO Cl aE PARA EN tlt [Re Mra tiee a verkar cae Talon dam closed, August 26. 
WeCEMDCr Ose ccc ae) LOOS ee cee ee Al OU ee ee en En ae 
MRT TNL oe ee LOO Tete ea Rena @ olav ceaae wall ne eapemepemcnchey | eoteitoremar areas 
Cy ae TOGS ALK SRM... Ces iecdlleege ok tate arletent kak | 
BOOM CREEK. 
April 15......--...| 1905 | Rh | 191 | Me See le Birr : 
DEPOT CREEK. 
} | 
April 12.......-...] 1905 | a Aaa | BO) esos ep Meenas | 


WISTAWASA CREEK. 


April 18.000 ..0+5+| 1905 | 3-00 | 15 | plane i 52:5 | 
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SUMMIT WATERS, 


Lake Nasbonsing Outflow. 


MENARD’S BRIDGE. 
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Water Discharge, Elev. Drainage 
Date. Year. Level cub. ft. Zero of Area, Remarks, 
auge, jpersecond.| Gauge. sq. miles 
Menard’s, At 
Menard’s 
: Bridge. e 
March 3... 1905 679 -57 19-45 676 °32 71-5 |Gauge made through ice 3 ft. thick. 
aN) ail Ol Saab ence Sane eee 1905 679 -29 AS oreo ln te ata vare Or ancmrcrae cart 
April 6 | 1905 679 -29 BAG AN a ei eae crear «sar 
April iieccs oe toes 1905 679 -21 ah Cone I ke Sero te al aie Ta aco AWOL 
AMT aoe cis aisre Sk 1905 679 -21 VA Sistecar eer Ween ee 
April 12 1905 679 -24 A IVAS nceaiel hora Macrae 5 ala aR Se Dammed by logs. 
April 12 1905 679 -24 HUA Otel A a da lle et tee Be s “ 
April 19 1905 679 -10 ALL Gis ea hie toca nates Reames ce ae 
April 19 1905 679 -10 QO Stree erat ane ey ab lee Sabaneta 
April 19 1905 679-10 HW cea je ane Wet RI oe UM | 
April 19 1905 679 -10 UT Gee a eek tase tees Wane eee ee 
April 26 1905 679 -00 OO es seas, Or as eae alt ka Sree ati: 
April 26 1905 679 -00 OG eehk ener ace ion |e eee lest Ret 
April 26 1905 679 -00 OG abe a eee | eee es: 
April 29 1905 679 -03 POG SER al racy Wate cereal | abs meme oe nt 
April 29 1905 679 -03 BDU oS Celestia gs emigne elles Men On ee a ee 
WV ad Oe eratests, Sects 1905 679 °35 LS reraete acc imate ts ae) (tL Stee ve. Ae Red Rapids. 
May, 18052 ees sse 1905 679 -52 BUG Rae A cock Cee at le nent age ae 
MY CRG a BC Reg ieaure are oan 1905 679 -52 Bah) Weimar WS cies ts era Ol i et A 
INADA aerate ors tauey oye 1905 679 -12 UA aes nso hr c ation ema oat ae 
IME O4 PAR SSS ses 1905 679 -12 DL Sis eieslicccccsepsroee pace eee mes eae 
IMA Va29) fects soacshesods 1905 681 -52 tig Fe ROR MSE et niece dancer ON IESE a dA ear Dam open. 
VV a2 trite Senet tee, 1905 681 -62 COW Ailes eat ma net nd rata Geo ape a a 
Mia Vvs20 ee et es 1905 681 -92 CLS iss a le Ae ogee ae ees epee & 
Mia 2 OO Rms tice. sh 1905 681 -82 7A US ICN rr ann ane eel sie ce 
Mayo US hate ks ee 1905 678 -82 LO Se NS ce ee ee a et Dam closed. 
May sS liiea.. hitekie cs 1905 678 -82 ASS tania rg ePID au cs 
IN ER 0 eee eee 1905 678 -82 B27 cra Fike perc. Rae |e ae Dam open. 
MA VAS LS at Mee ois 1905 680 -32 AOS | ar Sone pees ane a i. 
INE AVa Se Saucier stale 1905 680 -72 A Ore VT NEED eee ta ee feed theories ce aE if 
June 14 1905 678 -97 VSL ote Ne eek eats ee em Red Rapids. 
June 14 Pee a LOO OMe eee 5h ae ab tatarer eae ed 2 pe) Segal 
OP UMMOT LA sie teek.. 1905 678 -97 Be be Ha el lve aceon oD ris Ae eR 
TURTLE LAKE. 
Fr, White- 
fish Bay, 
Were: Ss +. ve pus. 1905 641-13 42 639-1 78 Ceveine made at outlet of Whitefish 
ay. 
Marcha Os... e 1905 641 -28 7Q:; |loperesaanags ae | See es oa: a us 
Marcus) c serke- | 1905 641 -28 GS = |xok; Bins, Coon | epee: ie f 
JN Ov | in epee mR RCO 1905 641 -56 WS Ws Snel Woomera is lig des oes Ga eee <s $ 
PATE ha Chtten eure ele cee ot 1905 641 -56 i Oe Us a Pee erect ct mee ft es a 
MANOVA De Gates foc ys tens Pars | 1905 641 -43 NOS hace: ietecenan eee eas: gs i 
PAGOEM se Last aa teesbsce cree 1905 641 -43 LOZ 2 eae ecmnaneneys | ee eee eens of es 
on ee 1905 | 642-15 OL" | shea en sale 9 Cee eee : ee ata 
|Low volume due to logs jamming in 
creek, : 
DVR aeti guano te tsa > Ss + ve 1905 643 -51 SBSDI Ne ins eae cn ee eRe Causing made at outlet of Whitefish 
ay. 
ERIE T ical's 2s ine ess 1905 643 -51 AAA AN Sih co iano a ame eee Logs below section. 
Maye AN fis 5 oietle 1905 642 -21 a Reva leremerererne teres dl SG a a reer Logs cleared. 
IN CD 7a 1905 642 +21 TS Facies Bene eth ae eee | 
19a—174 a doit 
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Date. 


Hebruary< 25.05 « 
February 27....... 
February 28....... 
Marche: l cc. .-% ste 


March J ©. 


des. A Soe 


Year. 


Water 
Level 
Gauge. 


Discharge, 
cub, ft. 
per second. 


Remarks. 


Elev. Drainage 
Zero of Area, 
Gauge. sq. miles. 
Pimisi 

582-21 342 


© 6 ie Yeti te 8 ee 


%)@Awige) (0) eo) eke ogi 


Sian, ote Pelte Ue. ol aim 


3. ae) 'e ta.) 10: "0.6 ae) 


eee ere ee ne 


ova) “a lforie 6) ley brie he. denfeiel entre 6) 6 tele 


Pe Gy ees cen 2 


© o's) 6 = @ ol e.6 0 


9) 6 is) ie e) eel ef ee 


oe, owerne! is: ee (6: 8 


© (eco Nish fe) ce cere 


= a) folie Eerie! ess) 6 e! 


a) fe Sathecle 'e: (6) 6) ele 


sy Stes) ee dlan iar tance 


Section not suitable. 
“re “ 
“ “c 


Talon Chute Narrows. — . 
Below gauge below Pimisi. 


Talon Chute Narrows. 


“ “c 
“ “ 
“ “cc 
“ “ 
“ “ 
“ce “cr 
“cs “ 
“ 6c 
“ 6“ 
“ “cc 


Talon dam closed .10 a.m., April 19. 


Talon Chute Narrows. 


“ “ce 
6é 6s 
“ “ 
6c 66 
6“ “ce 
“ “cc 
“ “ 
“ce “ 
“ 6c 
“ “ 
“ 6“ 
“ce “a 
te 6“ 
73 “ 
“ “a 
“ “ 


Dammed by logs. 
Taken through logs; 
Dammed by logs. 
Talon Chute Narrows. 
See letter of June 29. 
Talon Chute N arrows. 


150’ below gauge below Pimisi. 
i Talon dam 


Pimisi dam _ opened; 
closed. 


Pimisi dam opened; one gate Talon 


dam closed. 
Talon dam closed. 


unreliable. 
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Water 
Level Discharge, Elev. Drainage 
Date. Year. Gauge, cub. ft. Zero of Area, Remarks. 
Camerons, |per second.| Gauge. sq. miles, 
7AQ -22 433 
LY Eyigi (OAS >, pare niae TOG el eA eee Sap ROD are = oneness nope trend (14 eaten 9 14 mile below Eau Claire. 
Mayol sect. LOOS Des ee BO Gp cae alte w vege een 2] | ee Lan es « ie 
Maia 12 Prats chatien ss LOO5 wegen ean: SOO aren each ecoe eae cee toca Estimated Patois river. 
WAGOUOA. ete aces: | DOGS oF oe... ahs pa a ante eh Oe rs OMG Coan Beer dS Dams at Booth’s farm closed Jan. 16. 
AUMET LS hws tyere es | GOS er eee tas AD rsh ral ice aie re meee yee zi ss 
ul ya ae set fee eet 1905 753 -90 GSD craleeedlexedea perth ose memes eens Ab. Chute de Bully-dam at Kioskoka 
opened, 3 logs. 
AP Ushi 20 cre. warn: 1905 751 -82 G5 cy Rarlintcecsrchseeyre siete cds reset 4 Above Chute de Bully. 
September 14...... 1905 752° PAE SSO ae Ol eater Same Ce clots e . vy 
September 28,.....| 1905 757 -62 DE ec eon Weare ies Ilene ON ge és « 
December 8........| 1905 751 +82 OA (a3 a AUIS: RMA vn AE | he oe ae Booth’s farm, taken at gauge. 
December 8........| 1905 751 +82 DS HEI: ea ta ite es, eso ter 200’ above gauge at Camerons, 
December 8........| 1905 751 -82 DT GL9 rR rar Rai Ce ants co ial (ee, Se ea oe 4 mile above gauge. 
December 9........| 1905 751-72 DAE fie TAN SERCH eye Ce erie eae a: eR At Kioshkoqui. 
December 9........| 1905 751-72 AS? eae TEL amen my iY |p. Fn See At Kioshkoqui, small side channel. 
December 28.......| 1905 752-02 DA Tis terpenes 1| pce iee era Camerons. 
Marche? 8c ccs 22.81, L906 752 -32 PSAs yb ee Nan oh ees ga 240’ above Camerons 6-10 method- 
ice 9”, 
March 2... 1906 752 -32 LGS See l c eee 7 | Paeeeneeee dsc 240’ above Camerons—Point method. 
752 -82 DOS Fe ark he ao le OEM 2S. 
April 27... 1906 753 -02 BST ae eee eee ee 
April 27 1906 753 -59 ACO Pla ete ee eta a k=, Pee ES 
April 27 1906 753 °20 ASR Fy oBY SNe Sens wns eet tn het a: aie 
April 28 1906 752 -64 SOS eee oer e oie oe 
April 28 1906 752 -62 SL. Gi ahi ceatasier chore ee etic tuod Be 
ay 1 1906 753 °57 FAD oleae at leer eais den hat you | Eee wet Te 
IMavalried. tess ol 1906 753 -56 GOS ERS cae en | eee 
Maia duets fey stack 6 1906 753 :96 CG yi: NT a ha Ore er am TEU, Pro AD Be 5 
Malvade act, Swear 1906 754 -36 DA ear, Sh Retok Senet | PR coe a 
Maya litclis ors er 1906 754-56 ROO so es i Grtceteca ean eat aber conch 
Mia yolh ant saree on 1906 754-22 SOD ye NETS CoH eet pte 
IM a Vole ans. tee cr 1906 753-72 2: os SOD ig She Banas eh lel Lai oy ere 
Mavic? B8iieh ot yiecker ote: 1906 753 -99 SED eA A Sieretepeeete Cah Seas Logs 
Matasinn siete a 1906 TOG Ghd) AOL oF Niiiaion! acle Oe aN ele ed # 
Manors Fan Sin cate 1906 COGLAT Ml el OLOna ee a anaes Wnts ae iL 
Maye Steer es. cst. 1906 TGs 5 Ae ele LOB se sallsnncesr sie er eeu er oak a 7 
Maye urreth es 1906 756 °51 OGG 1 ceo eee aes yo Gs 
Mayadas. acs). 1906 756 °385 967%: = nati one eee. os 4 
Mac 5 tie iescee 1906 756 435 OG lees Shes cea ee RO wets c eset < 
Mavis en a... 1906 755 -365 OTF A ile kage ee Oe Oe Some logs 
MAY Sises tess oochs, 3 oe 1906 755 13 9 157 aR PEA ena Gort tn 54, See tereme es 
MaveO ener sea 1906 755-17 S70 ce ayers we ee rae 
Ma y.0 Reha ie Sie 1906 754-735 S507 iieclsas st eace Rep Th CREME a oe “s 
Ma VaO made a nactorne 1906 754-685 S46 sida rte omen eee es eo 
Maye On. eee. 1906 754-67 SO 4056 eet oil Aoi S 
May el O metas setae 1906 754-71 rae Ss PE an tia eetekeertaes hin. <5) Ca 
Ma yallee rock tans 1906 754-655 SOG | via et en Ree oe 2 
IMA Vid 3S 2 ene Ss 1906 754-61 SG Bede Saeed ceehcc sl eee 
Maal Tere fe ree 1906 754°71 OOO: ake he a ae 
MaVelLSh eres vn 1906 754-79 S35 oe lite setae || Nees Sos 
Maal Ons rtera dake 1906 754-57 SU Die nei ivc este Di | eee wellote 
Misys TOs fesse 1906 754-765 S60 oh cee eee eee ee 
Maye aan 1906 754-95 QS Ts = tle. ccatct over § | eee eae 
Mays OI ert 35 cathe: 1906 754-89 REO eee eee ee 
May 2D ig) se eat: 1906 754 O85 tl OOS => fllesces schoo heed ements 
May 22 cites tee 1906 754°995 OGG eel iid este re | O Ratoke 
MaDe eee. ore 1906 754 -905 O38) 5% ~ fics Sachi eras O28 
1 NO ee Wis Biceere 1906 754-89 9652420 |i aeo cee ae cae 
Mayi2S ie. renter 1906 754-725 QA ori: el oon crsrct Aes a Ny 
May e0 S08 Aiea dae 1906 754-81 o5={ (etl eR OMG ei ok Oe 
Mia Ve23) aes se 1906 7546985) 1 008 = 1: 2 eeiaceaelesetmetas «2 
Maye 2 3eh cc ens 1906 155 213 +Hel O1G >. = bo cculsi keen | eee oe 
14 BR e7 2 We eee 1906 TSBGOTSI. LOU 26 jes od .ceoe 4 eee 
Maye 24 ee a tin 1906 TB eAG 1 0648 oe onc 2 US Ae ts 
Maven se 1906 | 755 +12 or Rea apieeRslaraa EA). ( 0505 it aS 
iM Re DAs Se ee aan 1906 754-96 OUT = Nes cae See ee 
IMigva2 he pec hace: 1906 5-635 COB earn caine Sl eet tan 
Maye 25 lores 1906 5-60 QOS sane le eee eee 
MA OG ine class 1906 GSO AOS Te Vos ecm ae 
Ma 29)2. Hes aloes 1906 } CTO AT eee fs eos et eames fe 
Maivc00 oteer ii cain 1906 GAO alates se Seis 1k a. ee ee eee © 
W820 oes de eke 1906 6-03 he boGss ash: ote eeerenee cc 
= 1 CaO ae ee ee 1906 GOS ie WARD 5 e. I a ee Sete emens et 
MS ViSO eo rinse occ 1906 5rOG We Te LOL e Sac. ae socio oa eke ac 
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AMABLE DU FOND RIVER—(F.Lowine INTO THE MatTTrawa)—Continued, 


Water ; 4 
Level Discharge, Elev. Drainage 
Date. Year.| Gauge, cub. ft. Zero of Area, Remarks. 
Camerons. |per second.| Gauge. sq. miles, 
1,126-P.M 
Mavs L is 29 va 1906 G00 | TOOL 8 As Ge inne ieee tare Gane 
| ey eel a ae 1906 E00 HTSOOE A) iss otal a ieee Da, 
IE SAB Y M Monk seman Panes 1906 (39 PAS ibe Bees Us Ran a ree ear Reser ene CS dg 
1.4 E200 Ge pene tan 1906 BNO 2 S| TSS Ae a inal. Coes ey a Anse ee eeiaetes eine 
DAUM OM eves ce hss oe 1906 SES TI MOSG + atic a eines ae soil eee eu eee 
June 1 1906 5:80 OG Dish Weds Seu ce bites eee ce ae 
June 1 1906 Be SOE OGLE Wes oene sul eee ce ee 
9 as Sa eae 1906 OAT WV OOO to NG waa sce old el On es 
oy BS toy Geet bey enne een eer Pons eae es 
UG so. eles 9 1906 RS GS Vis M8 tok epee esn Siete eer Ree 
June 2 1906 OS O22 Mt SOOS sn ocak s tae ne eee Lee ae : 
June 2 1906 DOL SE OOS <1) Mic enw cha eh Mew ord 20’ below gauge at Camerons. 
“ULTEN a: See ines 1906 Sep 2 fil ie Beat 27 SESE cra terarere raed pees ts be pe $ mile below Brennan’s rapids. 
NG Bes ia sie ga 1906 ORO DE ONO) so his chs be ecclesia s cA 
CAST. a Sa oan aot 1906 OOO Gp UPd 22 ea eee eats He a a, > et 
June 4 1906 OOO A Lali es tae Sat lack Seek 
PURO Giny.o.5i¢ 0s Socaie 1906 GED gh Ti 205 & 92 Heeierei Ly ahs ail emer aan 
MUTO LOS ole cue ates oreials 1906 GOOG ols LO [cele eve are saseem ae ied cen ee 20’ below gauge at Camerons. 
June 5 1906 GCEOO AIST LG Leckey [tater tye cecal here nee x 7 E 
SNIRTOO bs ic si aca wed oak 1906 GOO MSI OS gi ef eas. has eel eilic Capen nen tem e 4 
June 6 1906 SEO TSO es hes cating Sent oan ee alae 3 mile above Brennan’s rapids. 
PUBEIG RE, one ci os 1906 6:00 | 1,124 APY nerea eel reas octets Point method. 
1 deg EO a ee reer ih Ee oi She 6-10 method. 
RETO oo shasta lies 1906 fen Ne ER Nar MS Ve RO, ee ae oe a a Se 
June 7 1906 SeSOI OL Gee. al cnra eee atic ae ee ee 
“EVO GS a ey 1906 DOO Meds ODO? Biya nck cic ineg aoe he 
June 7 1906 2) SOA mls ODI Se seal iig hah tea ect hs, Sai epee een 
June 7 1906 DCO Sel ODO MEAS scaeneen ike ali een enc ne 
June 7 1906 paca Wes hime LT” 27 in a ee ay Ua es. Re 
A LTTE. Pears aeaauaen tN 1906 Gi et 2625 2.O tg potas end St ee ei ga tene 
June 18. 1906 2-50 QSOs calizitecle wae peal eae: esha 
June 18. 1906 2-50 28650 eas cance Sant cil eam 
June 21. i 1906 OSL dL LOOP LO tres Kmart eee ee 
June 21. 1906 Desi e ek LOT days Sete Weal CNet 
June 22.. 1906 DO aie bh QOS 2 hs Nghe cis “sii eROn EL ACN 
June 22. 1906 DeOomi ele, OOG > Sea Rene ae alle ete, Par 
June 28.. 1906 SOM Mh OLO e 7, is tewette cine silts Reman ue ane 
June 25.. 1906 2°61 SOD er ca eee er Se est ened dee 
June 25. 1906 2-60 ZO Ms Sale geeee ere ieieen kak eee eae 
June 27 1906 5-03 S782 a taker ean alle meme 2 pee 
June 27 1906 5:00 SOO rere el oer eet oar 
June 28 1906 4-95 SSOSE ot] caneser oie See ee 
June 29 1906 4-74 LAGS TR ara Weracre eee RTM ri ARE 3 
UNOS Or. asda. 1906 4-70 Khel Uoeey all (neces mila, Sua! 
June 29 1906 4-68 CGD shave Acie sergio he oleate 
June 30 1906 4-57 Khoi kOe terin letra, Utensil 5: SMR 
UIEVASs leis els we eh a 1906 2-50 5a) a eau MARU eMR aM ne | date OV Pee Eee 
ARTI? Sat emir Ch ner 1906 3°19 AAD soi i lc coianecs keneher amet gee ern ee ee 
AUR? Sch) NSE me eae 1906 3°48 504 SN. aespianets nal eee copies 
STUN Var ict iees ahs foseadsl« 1906 3-87 fica y: Poem a PAPE cuLWy ae Ses Cea, fe ak ee 
AU RZ Stee 1906 3-98 ap RM [PRPeR oeeee Enon eat hcl a odes 
ARTI Ch aes tip ee 1906 4°55 4) eave oil eer ees eR aoe ee 
ULV Obst eae ene 1906 4°37 Lato PAR lai ih arn Abeer Aili ai on panahage 
Ulva ee se see 1906 4-27 G04 ail eae oe ae ee 
NU Ger ics kee 1906 4-17 HOG tal Hdeevee seater | epee ke eee 
SU Valo eee eae 1906 1-62 Wd! Komen eae center ee tone eeu 
al DTG Lee Bh ei ieee 1906 1-62 17625. 0 ae eee | eee a eee 
Manitou L. ‘ 
January 8.........| 1906 27155: || SRE RPMI Wren PORE eee Mley Bh tata Outlet to Manitou lake. 
IAT De i cee siite tL OOGA ons eMC T occa Sada lhtce eee a 2 Mink lake. 
January 9.0005. 5 55. 1906 | 3 mile L. = Tea lake. 
January 11........| 1906 DSSS «open daasaeal Wenn are taetonn a elie TE rs. wae” _“  3mile lake. 
ELSE YL Oe ye rae hia en... ck wh ate pee ae ace eae Indian river. 
2... ee SS eee ; 
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Elevation 648-0 proposed level of Lake Nipissing. 
42: 


Zero of gauge on dam .. 
Elevation B.M. 643-69 at point about 3 mile above 
the Big Chaudiere.. 


Date. 


1905. 
September 15..... 
September 16..... 
September 16..... 


October 19....... 


October 20....... 
October 20....... 


August 9......5.. 


Avasust: LO. c.0. «.- | 


August 10.. 


ope) 8) plie 


August 18.... 
August 19.... 
August 19....... 
PG aur AAnnan ooo 


ATWNPUSE Dk... es: 


eorerer reese 


TIN OFS Ul eee csi oheteye ies 
All 


Lake Nipissing Waters. 


FRENCH RIVER. 


23 
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Drainage area of the French river...... 6,900 
“ Lake Nipissing... oe 4,077 
Zero of gauge at North Bay..,.......... = 637-70 


ELEVATION OF WATER 
SURFACE. 


North Bay. 


wire te (iskel co) 1 eh.e. 6) (ot 6: 


alae unegia? w.' OP 10) ;0) ee, |6 


Py Widesieke! ) 6) /e) 6 06(Ke.'b 


wiesy SLs) ey eile! vis) <6 


el 5 a halle, 6) ©) 16 iets! se: ie! 


eine. e) mh) apie e ein \s 


fel Nie va: 10) Bipe; te le faye) wrens 


Be w/e) 8 e @ ee ve 


ais: (ele) le| (0) (ele. 6) wa: 


Datei a) ee eee 6 .e oe © 


EER elt, -b ii:oie) ee, .% 


sity ay ple. eve: ele tere ¢ 


French River. 


series (eet ie).e,1e) 6) 9) 1 


&; aupt ie, (ea) /6: © {erence 


ee 


ee Leuie! piret.6) 0s: #6 


er 


t eHegee Bislels @40 | 


ae 0, @) 18 u0 |S) vi ak 8) 6 


ni is. 0) 8). ‘6 le! a: 06.6.6 


a @ Oe 8 TS) ©, (0) ee (0 


eee eee eee eee 


ves a] @ e).e 09) » he Fev e 0 0 6 0 © ©. Fee is 


a)(bes 95a) vl p di.e © 64} alle ere ul 6,0 10) 6) (6) @ is 


else, ere Kifel,e)y.e, 0 5) ha i bi.6,/0i  \e. 8.58, \e) (8) eye 


Discharge. 


Remarks. 


Big Chaudiere. 
East branch, Little Chaudiere, 
West branch, Little Chaudiere 


|Total flow. 


Big Chaudiere. 
East Little Chaudiere. 
West 


Total flow. 


Big Chaudiere. Strong west wind, 9th to 15th. 
meat Litttle Chaudiere. 
West Little Chaudiere. 


Total. 


Bad river, east side. 
centre channel. 
west 


“c “ 


“ 


Total flow of the Bad river. 
Main channel, 3? mile above tramway. 


Total flow of French river. 


g Chaudiere, southeast wind. 
Be Little Chaudiere. 
West Little Chaudiere. 


Total. 


Bad river channel. (1). 
“ “ (2) 


(3). 
(4). 


Total flow of Bad river. 

Main channel, ? mile above tramway. 
Bass channel 

East outlet, east channel. 

West 


Total flow of French river. 


Big Chaudiere, east. 
Big Chaudiere, east. 
East Little Chaudiere. 
West 


Total 
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Elevation B.M. 643 -69 at point about ? mile above 
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FRENCH RIVER—Continued. 


of Lake Ni ree 


Drainage area of the French river....... 6,900 
23 € “Lake Nipissing... 4,077 
Zero of gauge at North Bay............ = 637-70 


ELEVATION OF WATER 
SURFACR. 
Date. —| Discharge. Remarks, 
North Bay. |French River. 
| Sen. Perens Nee nas Othe. SEE A ee 
1905. c.f. 8 
September 6...... 640 -29 640 -30 3226 |Big Chandiere; mostly calm. : 
Big Chaudiere; mostly calm, light east wind. 
DEPEOIDOE Fo, 45 fase Hace Suitneas hee ois eee 463 |East Little Chaudiere. 
CR ECMIDEL 7. '.:, 5/5. Noiiipl gee RomebenN I ps, einen pe 1,364 | West s 
5,053 | Total. 
e ; 6,870 |Big Chaudiere, northwest estimated, 
Estimated high walter flow......|............ 1,510 |East Little Chaudiere, estimated. 
5,010 yest . - 
13,390 Total. 
MAW Ss rncsiee 644 +23 644 -26 5,585 |Big Chaudiere. 4 
996 (East branch, Little Chaudiere. 
330 |West : i 
6,911 /|Total. ? j 
267 main dam, Little Chaudiere. 
150 leakage. 
317 
148 |North opening, dam at Big Chaudiere. 
122 |South  “ sd + 
4,600 |Log channel. 
4,920 |Total +50 c. f. s. for leakage. 
Lt Cy are 644-70 644-62 5,516 |Big Chaudiere; west winds. 
1,082 jEast branch, Little Chaudiere. 
467 |West * “ 2 
7,065 |Total. ; 
296 main dam, Little Chaudiere. 
55 leakage. 
351 
“C1 7 ae 644-70 644 -62 170 |North opening, dam at Big Chaudiere. 
LSC Sa Serer ces cc ice - t/a 142 |South a < = 
PO Eo, sles sy 1d Seen Ss el ee 5,187 |Log channel. 
5,549 /|Total, Big Chaudiere + 50 c. f. s. 


a a ge a eR ee ee) ee Sie 


From the water level at the time the different measurements were taken, the 
discharge curve was plotted for each section. 

The results of these measurements give the discharge of the low and ordinary 
stages of the river with fair accuracy. As previously mentioned, at none of the sec- 
tions did extreme high water occur during the two years of the survey. In 1904, 
however, when the water was extremely high, measurements as shown in Table No. 
1 were taken above Ottawa in connection with other surveys and these results were 
used to find the high water of other sections by relation and an extension of the 
discharge curve for the individual sections. 


oe ee Te 


SE, ee ae, Oe ee ee a ee ee ee 


awe 


Ss 
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The most complete set of records of fluctuations of the river are those at the 
foot of the Rideau locks. These records extend from 1844 to the present date, with 
some few exceptions. More information with reference to the flow at the different 
elevations of the gauge was collected for this portion of the river than for any other, 
as it was deemed wiser to have more complete information for one particular sec- 
tion which could be related to the others rather than have the data spread out over 
the entire river but lacking the extended nature of the gaugings of the Rideau locks. 


RIDEAU LOCKS GAUGE AND FLOW MEASURED AT BESSERER’S GROVE. 


This gauge shows the level of the water in the reach below the city of Ottawa. 
Uninterrupted navigation exists from the City of Ottawa down to Grenville, a dis- 
tance of about sixty miles, and no great break occurs in the slope throughout the 
entire distance. At several places, owing to the restricted channel, swift currents exist. 
The level of the water, therefore, at the Rideau locks is affected both by the quan- 
tity of water flowing in from the main Ottawa above the Chaudiére falls and also 
by that of the tributaries which enter into this reach, the principal ones being the 
Gatineau, the Lievre, the Rouge, the Nation and the Rideau. Any fluctuations in 
these tributaries will affect the water level at the Rideau locks, and the wind will 
also considerably affect it. In the winter time, this gauge, in common with many 
other gauges along the route, is somewhat affected by ice conditions. The quantity 
of water was measured at Besserer’s Grove, some nine miles below Ottawa, and seven 
miles below the mouth of the Gatineau. From these measurements the discharge 
curve, as shown on Plate No. 26, was plotted. From the measurement of 1904, taken 
above Ottawa at extreme high water, the corresponding discharge of the Gatineau, 
records of which have been obtained from December 12, 1899, the discharge at Bes- 
serer’s Grove for the high water of 1904 was estimated, and the discharge curve 
extended to this point. The gauge height at the Rideau locks shows that about every 


- five years the river rises to the height reached in 1904. 


The record high water is held by the rise in the year 1876 to elevation 151-97 on 
the Rideau lock gauge, which is 11-84 feet higher than in the year 1905, and 5-92 feet 
higher than the water of 1904, and twenty-five feet higher than the record low water 
of 1846. 

The corresponding fluctuations of flow and water level at other sections are as 
follows :— 
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Tables of highest and lowest recorded waters on the Ottawa River at places mentioned. 


STE. ANNE. 


Upper Lock. Lower Lock. 
YEAR. Se : io 
Highest. Lowest Highest. Lowest. 
Date. Date Date Date. 
SAO ee. 5 78 -°32|April 27 68:40/Oct. 16 75°13|April 27 68-62. Sept. 29 
STAR ck rv sh each ecient ae 76:82;/May 9 68-27] “ 2 73:°62\May 9 67-38/Nov 14 
TSS 7(2-4 2 eric Reg a Suse on ect ob wy 75:90|May 18 69:40/Sept. 5 71-80) “ 18 67 "55 Sept. 3 
Lisi s Pay eee Ra nk TPR OE MTs finn 77 .90| June 1 69-32) “ 19 Teor OS 30 68-22) ° 17 
SA ee oo cases eee AL oe 76°32|May 26 68 -57|Oct. 2 (exrsie\ & 24 67:72iNov. 7 
US TO tees ch icee, sad ate Mi ee eRe 79-06) “ 20 70°23) “ 1 73°80} “ 20 67 -88/Oct. 2 
ISSA TR Sacer CEE RS ey Ee me AE REr oye 9 81-07) “ 15 69 -82)Sept. 15 76°63) “ 16 68-72)Sept. 18 
1 Rewer AR che SR eta SRST EL EAN Heart aca 74:15! “ 1 69-40; “ 24 71-97\Mar. 29 67 -55;Oct. 22 
IRS nts iach Gage eee rh ere DNC ATE Res soa a 74:07) “ 15 GOLdOeee 13 71-80'May 18 68 72 Sept. 11 
LOM ere mci inane ere aR eee eae 78-82) “ 22 69-82;Nov. 8 14°22\- ¢ 21 67°47i\Nov. 8 
SS Ones oc cicke he rasnctohe ates (8223) “ 19 70 -23) Oct. 1 LEXOTO A 19 68 -05|Sept. 24 
USS evan Os oy ioe he eran hee 76:40) “ 21 69 -O07|Sept. 16 (PIO D SN 21 67-54) “ 22 
ets Sta aa cra Mir eel Puen a MU asa s On 76:73\June 5 71:40/Oct. 19 72:97\June 5 68 -30|Nov. 30 
IRotets Peace ar MAG ie Ree Nae we Penge Asis 76°07)| 1 71:23\Sept. 27 70-05|)April 21 69 -13}Oct. 9 
SS AE Pieces resonant arr ace anne ae 77:15|May 12 COCA! 3 16 73°63\May 13 68 -80|Nov. 19 
SSO. He Mee eee es ee eS ae MO Galle 1 80-65) Oct. 13 74-47) April 30 68 -88/Oct. 13 
ES SO es spr RO Mie enon oe RE oe ee 78-65|April 26 70°73|Aug. 31) CATS 24 68-72|Nov. 16 
SSL ee Geto Seana eee A aR ee he 79°23|May 13 69 -23/Oct. 10! 74:30|\May 13 67-80} “ 1 
TP SSS ewe tee tts secdbercte Wee Lesorede eee 78:48} “ | 10232 | mars 22) 72-80; “ 18 67 -62;Oct, 23 
SSO Pacete Caohe crceh sys a ee 76:57|June 11 70 +23, Nov. 9) 71:-88June 11 67 -47|Nov. 16 
TST Rain EAR Sai eee Ree yan wee OO iad 34 70°32\|Dee. 7! Tessie) 33 68 -55j)Oct. 31 
HELO Ds ERE NORE he Spain ie ar 77 °57|April 30 70°32|Nov. 11 72-97|April 30 66-97|Nov. 10 
SOD aie, sees eMC acne aR CES Rt ee 8 70-48/Oct. 27, ile Sole 7 67 -62;Oct. 27 
TNS OSES NS tie 6: ete Meh ae eee ates Eine Me 79-15|May 23 70°47\Sept. 27 | 73°97|May 22 67°80|/Nov. 13 
1 SUE bess el aia ie eles ex eR Deh leer 77-40! “ & COROT ees 10, 20m i 67-55\|Sept. 5 
LSS costs sk Auta Seta Shia huevo ee 76°48) “ 1183 69-98/Oct. 23 70-88) “ 13 66:05|Nov. 5 
TS OGGe ume rane er eee 78:°57|April 22 70:40|Sept. LO 72-80|April 21 66°80;Oct. 19 
SO Tee 5 oes or eee rere eet ee 77 -82|May 5 69-98/Oct. 14 72 -30|May 4 66°80) “ 21 
ES ORM Robe cc icy. 7 a OM a a ee ee 75°82|\Mar. 20 70-90 Sept. 15 72-55|Mar, 19 Ole 47S 3 
1 ESTOS Pa ae iia Le Ser aN Rn Coad 79 -23) May 7 OP By 16) 73 °38|May 6 67°13)/Sept. 22 
OOO Peter soe hones omits Galea 76-63\April 26 70-97\Sept. 13 71:-97/April 27 67:80|Nov. 1 
LCT ae ene Pe A us gies AARNE gis TETbOR She 26 69-30) “ 29); 72-88)“ 10 66°88) “ 28 
EO 2 ote so. hapten t ekee RO teas Rie ae Orsi 2| 70:47) “ 7| 72:05|Mar. 19 67 -97|\Sept. 27 
TO ch eres S ie cd ce ted Gee ae Wea ein eae ae 76:05|Mar. 25 70 80) Nov. 23, eo 25 67°55) Nov. 24 
INO TOY beet ee salt tn olathe tna Rem ko en 78:30\'May 10 70-63)/Sep. 23 73°38|\May 13 68-47) “ 26 
O05 So en oA a abe eet cok eae foo zotuas 19 (OANOcty | iI (ae SV Aprilesaee 68:05) “ 22 
TIMED eee GRR any aap AC ied cctia ch 75:48 June 10 69 -32|Sept. 29. 71 -22\June 10 67-47 Sept. 24 
OO gaercres ik crate sacra een ee ete eee 76°32 May 2. LOS65I Ss 8| - 72-62:April 1 68 -47;/Aug. 29 
GOST ais. csehi me ae eee (O23 ene LD Reece eee nee CAS 5S (Mia 6 Uses Syne ae nee eee 
a SER ae, Bia 2, BEM eee sR UM Bl Dee i ie Li Col io ee 
GRENVILLE. 

; | ra 

pea akg Me She Ae Ree ll ep a Sy. oh 140-63;April 25) 126-55) Oct 13]| 96-05) April 30 81 -55;Oct 18 
URS Ns Fe 8 ASR ict RAR tk or PR ROP oe 140-22'May 10! 126-30/Sept. 26 93 -80|May 9 81-59|Sept. 26 
DSS ie Aare ies ne, cies Meee wee Bc oes 138-13) “ 25| 128-22!|Aug. 29]! 93°05) “ Nes 82-63/Aug. 31 
Sees, sci etrersy ua cima e ene eels ree a 141-30 June 1; 128-88) Dec. 6 95°55) “ -~—30 82-72: Sept. 17 
ALES meee aula s Lepage re ee ee 139-47) “ 3| 127-30!Sept. 29 93°30) “ 28 81°63) Oct... 627, 
NS iiievetrd chore Sie care aoe eee eee 140-97\May 19} 128-38/Oct. 2 96 -30\Mar. 4 82-63 = 2 
FDIS Srore ahs nase be ope NS ae eee Se a en 145-22) “ 16{ 127-13)/Sept. 29]/ 99-38|May 16 81-88'Sept. 25 
MS Gidiee ital dicis Sis MRE ee ee 135-10/April 30) 127-22) “ 29]! 95 -30| Jan 18 81-88) “ 26 
MSZ S ates ict itess eats) ELE oie ee 134°85;|May 12) 127-68) “ 13 88 -47|\May 11 82-38) “ 10 
PSO re tarcts chess cee ee ee 141-68; “ 21; 127-52|Nov. 13 95°80) “ 21 81-80 Nov 8 
SSO eet. ibie.c Seinsida ee ae eee 140-43) “ 19} 128-35'Sept. 25 95052 6 18 82-63:Sept. 26 
USS eave eta. oy dehec ca eee ace rere ee 138-10) “ [91S 126 1S 27 96-80 Feb. 27 81-05| “ 27 
1 ecto ae mn En Dene, MEN A LP 2, 138-18\June 2) 129-68 Nov 1j| 95°13;May 31 86-13'Oct. ~22 
sevep er Ne iis cnidraie 3 Acct vce + ene 136°68) “ 1} 129-43 Sept. 24 96-80 Mar. ] 84-80 Sept. 28 
1SICU Fete PRR Meaty. areata WEN LYS e 5 138°52)/May 15) 128-10} “ 24| 94 -97' June 1 85°72) “ 19 
MSs Metis. | Seek oda eee wen 139-10/April 29] 128-10 Oct. 14 99 *30) April 29 85-63 Oct. 13 
SSO cstete a oe acevo le coe cocaton ecuenere oaieR 140°52) “ 25| 128-77\Sept. 16 98-80} “ 26 86-05 Sept. 15 
TOSS Li Bee eco « face voila lage Pe atte RTS 141°35|May 11) 126 LS 30 99-55|May 12 84:05) “ 29 
i Liato toy 8 Sage Pa Mee NRea reek de Gre weet 140-52; “ 19} 127-60 Oct 12 98 -63) “ 21 85:13 Oct. 24 
SSS Mave) caansd occ cn e aaa ee 137-°68|June 8} 127-85!Nov 6 95 -30| June 10) 85°30 Nov 1 
Tits 0 evs cee ad ee me aac waretg So ly be 139-02, June 2) 129-85'Sept. 30 97-05|\June 4, 86-80'Sept. 30 
PSO Meister 6 ois 9.0 eS are To eee 138 -85|/April 28) 127-93)|Nov. 14 97 -05|May 4 85 -72)Oct 9 
PSO Zetec Gis wikia cic cei: omen aera 134-85} “ 8| 128-10/Sept. 16 92-30;April 9 85 °97|\Sept. 15 
PSGo tees sites oe en ie eee 141 -35|May ee21 e128 -S5 i 19 99-SOi\May 21 86°30} “ 26 
Hearn ticteva ctays che cs habeas eee 139-O2)0s BN ir 24 ES tes 9 97-22) “ 1 85°05) “ 3 
PSO ipe ees oats ara ke whats 0 2 commie ome ee ES 2 “BS hare *52)Oct. 30 95-80} “ iD! 85-O05/Oct. 25 
[Reo USAC ge ORD ee ane ODE erin WO 139-60)April 23) 128-35'Sept 1 97 -63/April 23 85-47|\Sept. 17 
MOOheee ween tk os AL one 139 -68) May 4° 127-68 Oct 16 97 -30'May 3 84-55\Oct. 11 


GEORGIAN BAY SHIP CANAL SURVEY 267 


SESSIONAL PAPER No. 19a 
GRENVILLE—Concluded. 


Uprrer Lock. Lower Lock. 
YEAR. a a a aaa eh ee eee eee —_—_ 
Highest. Lowest. Highest. Lowest. 
Date. Date Date. Date. 
TRO SM meme eats naps em icmm 136:02)}Mar. 20; 129-10\|Sept. 24 95-38)/Mar. 16 86-05/Sept. 21 
THSAOYS i vant os Need ean nA 141-60)/May 7] 127-6 so 18 99:-88|\May 8 86-22|Nov. 27 
TET OYS spee oh ASE CO NaN RN 137 -60)April 26) 129-35) “ 10 95 -°38/April 27 86-30\Sept. 14 
TIO VES «ty cot casi ek Cae eS NT 138-35) “ 25126635, 29 96-55) “ 25 83-80, “ 16 
OOD Metra eee se, Sha ica rebate chal gates 136-35) “ 2) 2852 14 94-13\May 6: 85°47) “ 12 
LOOSE eT ec hit sks). MRE. soon en honpaa: 136°18|Mar. 25} 128-°85|Nov. 30 94-30|/Mar. 25 Sheveie 13 
TOOLS Prete enter oe haere ete 140°35,May 11] 128-77\Sept. 20 98-47|May 11 86°13) “ 14 
Mee ee tier cas tet ctoters connate tenet aire TSO eSol ls 23) 7127-68,. = VY. 99 -63|Mar. 16 84-97) Oct 9 
MOOG echeceoe in tusgeie teeters eo hae P6202 ee Ue OLS ya, 29 93-38|\May 20 83 -88|/Sept. 24 
LOOT Me eres oe etna ei og TS AS ia 26) R282 22 8 95-38;April 2 85-38) .“ 9 
POOR en ee ok 141-18) “ pee ekcaty ree Oe bik ter 99-05|May 14/........ Cite gp wise 
CARILLON. 
if i{ se 
1870 §2-45|April 26 78-20|/Oct. 12) 80:70|April 26 68-28/Oct. 15 
TRS ALLENY 3 seks 5 Sean ime > Re OA Seg $0 -70|May 7 78-28|Sept. 28 79:20|May 9 69-12|Sept. 30 
TSS 7 Reto tions, eS a O56 89-70) “ 14, 79-62|Aug. 29 78-20) “ 17 70-45; “ 1 
IEW PS ees Alcs Once Doe ee eR een ene 92-20) “* 29 79:45|\Sept. 11 80:03) “ 29 LOM 20a 17 
RA Re Pee PW Sr corn Cah ie cLneeN! Sosa Wecst = oui g0-20; “ 24 78 -20| Nov 30) | 13562), * 25 69° ee 31 
SS Ee PR Te os. hac ce eS ale ones 91-95) “ 19 79 -62| Oct 1)) 80-03) “ 19 70 -45|Oct 2 
SO Gap errs Sls See kee ae oksS 25-95] “ 16 78 -62 Sept 18 Soc een 18 69 -62|Sept. 30 
TRS G7 Aeon Ce ia hin one ee, eae 85 :45)April 28 78-53 25 74-70\)April 30 69-62) * 22 
TAR On etc k Sh Cama ee ieee ie meen 85-87|\May 22 rf yoalais 14 74-62|May 12 70:03| “ 18 
STON eee ete we cee aa Ta ots G2-20\0 * 20 78 -62|Nov 4 SOLTZIS PAI 69 -78| Nov 1 
[SSO ON at Rae Sete te O2-45\" § 18 79 -20|\Sept. 25 (G53 |e 18 70:20/Sept. 25 
LSS Le earn ater aan ge ne SO-¢5| “ LO) Ae te eek ie lin RSA AIG RE RSC Nort Regen A 
RRO ae eT A.) Star emoe 2 (ac, 94-20} “ 30 85-58/Oct. 25 CdS ie 30 70-78|Dee. 31 
1 Rese Se oo bce apes eee | eee 91-33|June 2 84-00/Sept. 23 76-53\|June 2 70:°87|Sept. 11 
a TOPE S Ye ee are ee ya a 95°25|May 11 85 -67 MG 77-91\May 17 O20) ieee 24 
SR pyre renee etn. cans Cock tyercions, «ahs §5:58!April 29 85 -42| Oct is 81-03/April 26 70 -53|Oct 10 
1S ARE ee OO) a a 95-75| “ 25) ~ 86-00|Sept. 21 79°78} “ 25! 70-78|Sept. 19 
ASS Ree ere a ren Tas ce 96-25|May 10 84-25) Oct 1 80:-53|May 13 69-03/Oct. 23 
ESSSi eee eres Oe a Sina ken avere® a Siw one G5 -67 We Pail 85 -00 Sept 23 79-70 “ 20 69-53 “ 31 
SSG Meee pet foe cid Pie By eeu §3-25|June 8) 85-33) Nov 2 77:37\June 9 69:°37|Nov. 13 
TS OO. ern ee nee cass. jy keen Sehigs Ge hte 94°58) Fr 2 85 -59|Dec 2 78-70) “ OU eer ee atin gd ies Reet daa 
PSE Lee eee a Ps Ne Se Sescieia. en 94-53|/April 27 85:75|Nov. & 78:°53|May 1 70:28|Nov. 10 
TSO Die Mane td hi CaN Mee a. iets 80-2 < 8 86-00|\Sept. 12 76:03/April 8 ZO Sui 5 
SOSH ema ONS 2 She A NS ote a 97-25|May 21 86:42) “ 20 80:45|May 21 69 -87|Oct 3 
LR OAR RE eRe E et Se ao ee aaa ial ots 95-00} “ 4 85-00) “ 1158 78°45) “ 6 69 -S5|Sept. 10 
TROD Ree tees 6 oc eee ears heave 94-00} “ sr 85 -00) Oct Zi TEE GHA 11s 69 °87|Oct. 26 
SOG rN Ens tise Aor eee cide 65°50\April 24 85 °33)\Sept. 26 79-12)April 24 70-37\Sept. 24 
SOT te rere ek OM EEE elas 3 G5 -25|May oh 85 -25|Oct i 79 -12;|May 4 69 -75| Oct. 3) 
ESOS sper tees. het Cook sea ls G0:92;April 29 86-00 Aug. 27 77:°20|Mar. 20 70-87\Sept. 1 
SOO mee et rate as chet datinks Soeye.5 ye 97:67|May 8 85:-25\Sept. 16 79-53|\May 3 70-03 14 
SOLO) Mace Sotorc uct Sicha meee aaa oae eae 93-50/April 30 86-00 9 77-53|April 28 LOeSalee 16 
TWCGY 0) | oi si esnciick ace genta a aes a ESE 94-00) “ 26 84-42) “ 28 78:45) “ 25 69 - 28] Oct 5 
TOO Dee come nds as ee San lobes 92-00] “ 2 85-33) “ 8 76-62|Mar. 31 70°53|Sept. 5 
OO Seen aie eer ok cid. otete ae, whe 91°92|Mar. 25 85:°58|Nov. 29 77 (felis 25 70:53|Nov. 16 
OOS were Ati. Seca he was §5:-67|May 11 85 :50|Sept. 19 79:°53,\May 10 71-45|Nov. 26 
OOS ee ete ee eal 91-50) “ 23 85-0 12 75°78,April 7 70:12)Oct. 14 
GOOG Se Aerts wise ates bee Ba) sha 91-58|June 9 S327Oe 29 75:°95|May 18 69-28|Sept. 20 
ODE eee th Me Cheese. G2-50|\May 25 85°17) © My Pf7E OMe 24 70°42] ‘ 10 
TT LN in lean ein, ee BE OS TE OE iors LS aoe Ee | akg gin the en Ame rea Seow 
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RIDEAU LOCKS. ¢ 
Year. Highest. Lowest. 
Date Date. 
SAA ert ie en meet eo kon heat meg. eee eae ae 144 -22 April 22. 130-05 October 1. 
TRA ne eer Ni So 2 c.g nal SERRE aes ee 148 -47 fay 8... 129 -72 September &. 
TIES WGY. <2 Nie eer eR MEME Eat pet WN clo ad aa t 140-30 May 8... 126 -97 September 22. 
RISES ( oper rea 8 a Voie) os bce ct tetas se eae ee, 143 -30 May 15... 129 -47 September 1. 
BS ke. glo UR Pe eee ieee at sual ourraate @ Je LN 142 -97 May 15... 129 -72 October 1. 
TRSUS Ns ogo a a tei oS ed eat Cet ec 145 -22 May 165.. 130 -22 September 15. 
SSS Vy 3 ee an mA eae ABO om AGRE MY Ur MEAs Se eh ia SER 140 -47 June l.... 129 -64 September 1. 
SS EMRE ss: iene Lp E Oy eae ey Oe eee on eRe ice 142 -22 May 165... 129 -05 September 15. 
J BSG GS2 of 2B ARS PRR SRA oe ARC deren ot 3 on) ° SN Stam ine 144-14 Mayan ower 129 -89 April 1. 
TYS5Y 8). Sag anemia trite BILE ae oir tytn Pls aos ns) Nha: Pern a 137 -97 May 1... 129 -30 April 1. 
MSN PeNaaie oe cas vores shepewainetnie enn eeu ene sda aise: 144 -22 JUNe@g le cusere «ap 131-89 November 1. 
ES yet. ay ancien athe Rebate. ye eae ea eee ceeaeae ne 140 -47 Aiboavewel leet acs aeons 130 -97 December 22. 
BSE etary site a) ne sci to nes AME cored Chee EERE o Ss Wc es 142-72 May 22.. 129 -64 February 22. 
SR GO race t Secs vee SPE RR ines ee Ok ret are! 142 -64 May 22... 129 -64 September 22. 
ESTES re sR Ra Bg SNR A BAU Diet ERS Vecrte We ba OB 147 -30 May 15... 130-39 September 22. 
SG eee oe cis Sper ee ee ON Cato os emerees 143 -47 May &... 128 -89 September 1. 
TESOL at Dene ee aes oe OO ele TE® Soe es: Hie 140-30 May 1... 128 -39 September 15. 
TCO 8 a aR ote es PE oe Re Sta ede er Oh ters 147 -39 May 165.. 127 -97 August 15. 
TDS Gey Sik canis, SPR RA od on oem tele Eee ate 141-05 May 1l.... 128 -55 October 22. 
TESTE 5 ccheutcha it eeepc eC oUeERiL Baht = Uda Rng Ian es Urs 5: al 142-55 May 1... 129 -05 April 1. 
TSG perce Siar AR eee ts hy en ksst ak Bes eee 144-80 DUNG. wen As 129 -47 November 22. 
ES G Se ree ee ey ast res ree Rept. Re toys RN See, 130 7D |e kent Meche ene 127 -97 September 1. 
ES GO rae ieee Ne eet MON ar ES Miah Sane VA Tete oes en en eae 2k 128-80 
TESALD) ots, ORE Eee Un UP Pact au RARE Red Wee LAA ODT weer one si 127 -64 
NS ADM S Ore Bete SEE EP ca hs, Picts 1h ot etd a MR Ae UG: 2, Se ha ee ee ee Se ee Pemba s 127 -47 
SU pore eee te rehhcan ty Cec a 1 Syl iat ue in rh as bs LA SESS Mel haa nee cee tae 128 -39 
LSS haere Ob re Seek Soe ee ee tees he ee TAGS Geiliueco te. Caen Rboiee sss 129 -30 
TES eas 3 Gees OP REN RRR pea tcc eerie a teas pt aien tae AAS BSR oe oo eo pes eee 128 -22 
Tera x Slept a hs ROI ey a Ec cere Cee RPMS ah pea ar 146-05 Maia 22ee kit pone 129 -47 October 2. 
NENA Bian oekop cee 3, avcsged ce Lined Mee ree se Se UR ey eee 151-97 May 16.... 128 -05 September 28. 
ES Feliecetes Suet. SR anaes eat ead Sin, ot abet tin 137 -47 Maya ii. 128-14 September 29. 
OL SS 7ies ee atti 7. = ect e ERT 0 Sec NN Ae a pike in tac 137 -55 October 31. 128 -80 September 14. 
USO CER cr Eee ek Opty Sete ne Ree he) au geben a 147 -30 Mayan fr 128 -39 November 12. 
HSS SC) Eee ie yin coe A eer rae Met ye ets to 146 -39 May 18.... 129 -31 October 1. 
Nofeld Uo Rs ait ape Ses Anam RES PL Ape eR also aera AS Ede 142-72 Mayi2to 127-01 October 1. 
boob ly: ah Mae team nen wes EER Nien eee Tagine 2 Pana agente 142-97 UUNnGa Oe acta 131-14 October 28. 
TORS Gos Rae eT oe PRES or Le ce eee, Woes Pen aes heat aio 5 ne ie 141-30 July: 5 130-89 October 11. 
SS SA mM ep ote hc’ «i. eee oe hore LST Paha eee te 3 143 -30 May 30 129 -39 September 21. 
ESS SiS eee «civic ses xp eta Auda AN ENE lh Pee teres 143 -97 May 23 129 -80 October 11. 
JESS i mee aged ore ik EERE TS (oes De | Sie hy te 146 -64 May 1 130-14 September 19. 
LES C7 sc Re OR oA er ene PEM tin, se ADB eaaer 2S erage 146 -72 May 12 127-14 October 24. 
LE ee ace NRC MEME RR ia Aan Ones: abc lierers ge cents eee oe a 146 -64 May 21 129 -05 October 15. 
TASES a 5 Sp RN ibe exareeterinlelie a cy fy ace ie Oar Iie 142-80 OUMeH Sie ccs 128 -97 November 6. 
ES GO eis 2s omen Ramen ce ees MRMENSRS BABE ON! Fed R Oe tae ky 145-14 Tunes wee ees 130 -22 November 28. 
LUCSS)) bog Serene pee i eat SAREE CLR. Reneeie se meee 144-30 May 8 128 -47 October 8. 
SS SP Resi it, ihc toe i eRers ray coer peek eI SMR 137 -72 Apriledern tetas 129 -55 September 19. 
SOS Bees is centage ct ete et cen een eae 148 -47 May 23 129 -97 September 21. 
ES Aes PSS sy SEA: IS ke BRE PAT ee boat old 144-47 May 1 128 -97 September 12. 
ES ayers 2h Ch stk Nas ea er Pe i 143 -05 May 11 128 -55 November 5. 
WRU Gepmeris) oo icui ti epee aan ey aie ee eee t,o 147 -80 April 24 128 -97 September 19. 
GSE Ae ae a elem ele Meee OP hs ed ee 145 -22 ay 129 -30 October 20. 
URE) Seemed eyo aah. separ tne bua. ei er ca une” SRG 20 139 -22 April 26 130-55 September 6. 
ES eee rath salar cs Sig OREN MRED nies Pe ae SRO aoe 147 -97 lay 8 129 -39 September 16. 
OR es one hcp acdsee, ce eats hac DR a a get Es 142-22 April 28 131-14 September 15. 
1 AOYG ht CS eS ae i Aas Ee St tae | erage 143 -64 April 27 : 127 -80 September 30. 
TOG VAS) Ge See gr ey Siero Se metaais yn i) os oa 140 -64 ay 6 130-05 September 13. 
TOYO S) ty bol A ANCOR mn de toms Se go EE 3 SRS pet a 140-05 May 19 130-55 September 16. 
LOGY es he aa me nemre rat Dare Ses So di A 146 -05 June 12 130-39 September 24. 
WOO SS Ree een en ae meer ae YFP aa 140-13 May 24 129 -30 October 13. 
Tes eee ele ee 140-39 May 19 127 -70 September 28. 
EEO oe 5 seine ean a ne Ree ee erkiie  1h 1 1 142 -30 May 25 130-14 September 8. 
OOS Senate Sena. : syucte bch cane ch Se en aaa 147 -47 May 18 127 -22 October 19. 
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DESCHENES RAPIDS. 
Hrap. Foor. 
Year. —_ — 
Highest Lowest Highest Lowest. 
Date Date Date Date 
a BVA Ot tierra te ade Frrir ag yy ee A A pa TOS SOQ a ers ee | peter yt OR Nee Hey shots COR, yet eae ect PRL ely oem A GES MeNE aks mr, 
PROTON ied cy dee GAS ty DRA cat rte het nce |e a a ae 189 -64/Oct. 141 185-00 July 3; 180-00\Sept. 12 
POD errata eRe treet on ofan erat loleve nd 195:t4|May 14] 190-65'Sept. 13) 185-00'May 14] 181-07) ° 25 
a OTR ee ones ae ah nN ty 194-72) “ 17} 190-89|Nov. 30; 184-83! “ 16} 181°-26|Nov. 30 
PO A Reiger eal spe laraiy Stra oaarats Sesc ore 197-33: June 13} 190-89\Sept. 1} 187-33 June 14] 181-00/Sept 1 
TOO} Seem rahe ene ole eed 194:47|May 22} 190-67/Oct. 11 184 -48|May 23; 180-°68/ Oct 10 
WOOGHAerest ht ete Saloon elias 195-32)ane 18} 189-56|Sept. 29) 185-23) “ 19} 179-87) “ 10 
OCS Me tee es ate cig ee oc wie wall ao haa wate TSO SDE ING yes ADS eve te ve etal eect ae onc erences ets 
EAST TEMPLETON. 
Year. Highest. Lowest. 
SOO ene ese cet re he eb ol ows pcb Phaser sree eter i 137 -76 Mat Winco oases 128 -06 September 9. 
TEST RTGS ctor See Re a Bl gael rs 139 -16 May. LOGk a4 eine. 128-01 September 19. 
BRONSON’S POINT. 
spd agp eI a aaa Ce eee ge Se re ae 128-27 | September 28. 
OTE Bois Ae SU oe, 2 ca * 140-72. | Mayi15..... 130°57 | September 12. 
TTR as soe Gin aadaclor oe eee Rr cee runner CE 139 -57 May 15.... 130 -47 September 12. 
GA epee irs ne, Sate LEN he Ghee Gg NES. ol ee x | Re aN ce oes ares 132-52 November 28. 
MOTOS. ug Gh epee ee a Cae pie Ene CIC ar On RE are 140 -47 Mays 255... 129 -87 September 14. 
TOTS Sica Sc OS ae Te ee ee a 140 -82 May 19.... 128 -23 September 28. 
BOOTH’S HEAD RACE. 
UN Sindl oo te eee ee 171-87 | May 22.... 167-47 | October 13. 
TEI Ruck SBS Oe eT Caer ae 172-97 May 19.... 164-26 October 10. 
SKEAD’S MILLS. 
BM ea eos Scie Od oa Rens teh ley! = iri # es 184-18 May 22... 180 -67 September 7. 
HOT Sepia ee SRP eer a cee ene 185 -50 May 23.... 179-70 | October 15. 
FITZROY HARBOUR. 
| aS | 
DONG; ne hha esi aa GSES ae ede ee er ae 194-93 -| May 22.... 190-73 October 12. 
FRED) GG ee Ie Pe ae or a ede Tecate gcwacen cl eertaicyle suel's onsen 196 -03 May el 72. 189 -93 September 1. 
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ARNPRIOR. 
Year. Highest Lowest. 
1 ESHA oh Me ane ied epee k te mann tiny Saeki? >. Tere S oe DOVES A MI SoBe eros Bae ee ee ee 
HEF Dy sect heat nc a atta ak The pete ees eee on et aE te 244-00 May 22 en eee 239 -59 October 10. 
BS OG saa cak se ss dia. Sh Shs, ora nae nero a CR teeter 244 -92 NTA vali ace 238 -50 September 25. 
0... ooo en On Se 
BRYSON. 
IRS 7A Ss. de SOc ie ee ee ea aie tation ye PE hc SOLIDS TRIER ee eee a a een aE 
ED Des eearanes Sacer s sioraeleanantaatin chop ge AN «Sowa 346 -64 May 20M. sen. 341-54 November 30. 
JOY OL 5% eget Pater SRD CESAR anaes ofr Fay a mt ew Oe 347 -64 Mia Val Gerreces 341 -29 September 30. 
~ GOWER POINT. 
Os, Sp aa Rane nope strates Ber tue Chirratwerd BOO ALS. Merce eeis Hen ser een be aor 
RG OD Sieeryentins crake nara vantage RUE ey Tate Uae 350°66 | May 20......... 343 -51 October 9. 
LAKE COULONGE. 
UG eevee er eee A Sela ete Seay aeons SG IN STALE AO Tie ke eee ee a eee | so Ao ee 
RO OG Reece se a ECP ee eae mE it Ae ae 353 -10 WE Os eared | 342 -50 October 10. 
CULBUTE CHUTE—Chapeau Bridge. 
STG Re eee neg Linea es Ri bee eee SOGLOG HAUS. ieee ak ek reel oh ate ee 
LO OGM ren +c eae ont tthe etre wets yee gee S54500) Pierre eee fee 343 -00 
PEMBROKE. 
JESN?A Geis Secs Oe ea wn Se oes PANE Da ANREP bate | ge ME SL OOO real cco ee eins force 
Oy Se ARG Alle See te 368-68 | May 20......... 365-28 | October 21. 
TIGT EGS coy SERRE Puree tee Sse ET etal en Nea 369 -83 MavakGearc sme 364 -68 Octcher 5. 
AT THE MOUTH OF DU MOINE. 
ESO cere mae ener ey Siw bes Belt et oo mo AV LEADS Bh awa ck ta ae iene oy ee ee 
1905. 
Le TY Oe a, SUSAR A Ce ad ty Sat OR hd deen a= oe ud he tn AOS Neer ee eee 392-25 December 2. 
EO Ose ozetgstt a euheyele (ce Rein Mates PREM eect 400 -84 Maye. 20) cece. 391-04 October 10. 
HEED) Gate eter tes ie ene Fence oe ee, eM aL i So: 404 -24 Mayas 42 ie, Sens 389 -10 October 19. 
ROCHER CAPITAINE. 
ESTOS fa) xeon cht evs eats clo ROMER RTECS oi oe | 448 -30 Ma vie2O. een | 44] -20 | October 17. 
KLOCK. 
LEC ba oth CERES ale aie Dae Sg) Lt, hale meni | AOS SSA eke oe a ane Aer ee ee 


HN see Soe RS aS ial Su, | PIL pn ba el hae 486 -00 Mave ites ee 476 -90 October 17. 
489 -S0 MLA VS eee 475-75 October 21. 
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DISCHARGE CURVE AT BESSERER’S GROVE. 


From the discharge curve, showing the quantity of water flowing at the different 
heights of the gauge, together with the records of the Rideau locks, the discharge of 
the river at Besserers since 1844 was plotted as shown on Plate No. 30. All available 
information with reference to the temperature and the rain-fall and snow-fall which 
had been observed for four or five stations above Ottawa were averaged and the 
results plotted, as shown on the same plate. The snow-fall and the rain-fall are 
separated. In plotting the snow-fall, it was estimated that one inch of snow 
equalled Y%o-inch of rain. Some few experiments have been made lately and it would 
seem from these that this is not an accurate estimate. It depends upon the character 
of the snow-fall. In general, the amount of moisture in a snow-fall appears greater 
than the allowance of 10 per cent of the corresponding rain-fall. The results of these 
experiments are too few to be conclusive, but are given here as a matter of informa- 
tion. 
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FLOODS. 


The record high year both for average discharge and extreme rise was 1876. 

This appears to have been produced by the floods of the north and south tributar- 
ies occuring at the same time. In ordinary years, the high waters of the Mississippi, 
Madawaska, Bonnechere and Petawawa are over before the flood of the north tribu- 
taries begins. No doubt, even in a maximum year, the highest flow of the south 
tributaries is past before the north tributaries reach their highest point, but the maxi- 
mum of the two occurs while the south are receding from their maximum and the 
north ones are approaching theirs. No authentic records exist to prove that this is 
the case, but lumbermen and others who watch the river closely state this as the 
reason, and there seems no reasonable doubt of its accuracy. 


PROBABILITY OF ITS RECURRENCE. 


In December, 1875 and January, 1876, there was a great deal of rain and snow, 
alternately thawing and freezing, filling the ground storage. This was followed by 
a very heavy snow-fall in February and March, which was held by cold weather until 
about the 15th April. On April 15 there was good sleighing in the neighbourhood of 
Arnprior and the southern part of the water-shed. It then turned warm and the 
waters of the south and north came in at the same time creating the maximum flood 
for a short period. Although this extreme flood condition occurred but once in a 
period of record, the conditions which produce it seem liable to re-occur, and there- 
fore, its return may be expected, and the calculations for river improvements must 
be based on these extreme conditions. . 


FLOOD IN 1837 oR 1840 SIMILAR TO THAT OF 1876. 


And, although the records show but one year with this extreme condition, common 
reports state that a flood of the same character as that of 1876 occurred about 1840. 

The year 1840 is stated to be the time by the inhabitants of the Upper Ottawa, 
but no levels have been found or any accurate information with respect to it. In 
the Archives Branch of the Dominion, there is a report written by Mr. Peter Fleming 
dealing with the flood in the Ottawa river in the vicinity of Montreal in the year 
1837. 

This very interesting document, after a long description of the methods of 
calculation, states that the flood in Montreal was 341,000 cubic feet per second. From 
the methods of computation, it is probable that this might be in error by 10 per cent 
to 20 per cent. No weather reports exist to guide us whether 1837 was similar to 1876 
or not. 

Our measurements give as the closest approximation of the flood of 1876, on the 
same section, as 310,000 cubic feet per second, and, from this deduction, it would 
seem that the flood of 1837 was of the same character as that of 1876. Not only was 
the year 1876 the largest flood of record, but the total run-off during the year was 
also the maximum. For the consideration of the improvements of the river, there- 
fore, the year 1876 was assumed as the basis of calculation for the flood conditions, 
and although this flood may be expected but once, probably, in a period of forty years, 
the records of high and low water show that very high water exists about once in 
five years. ; 


YEARS OF EXTREME LOW WATER. 
The years of opposite extreme, namely, low water, are 1846, 1881, 188 7and 1906. 


Each of these years had some peculiar feature—that of 1906 being noted for its 
long continuance. These two conditions are those for which the river is to be im- 
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proved. If the improvements create safe navigation for highest and lowest water, 
then the safety is guaranteed at any point between them. These two extremes are, 
therefore considered in detail. 

The high and low water of the various years are given in list No. 5. 

To illustrate the difference in flow at different seasons, and of different years, 
Plate No. 25 has been prepared showing the discharge at Besserer’s Grove for the 
years 1846, 1876, 1881, 1887, 1904, 1905 and 1906. Corresponding differences exist at 
other sections of the river. 

In a flood like that of 1876, the character of the river, naturally, changes greatly 
from that at low water, or even ordinary high water. 

The river is generally a series of wide basins with rapids and falls of various 
lengths connecting them. As the water rises, no serious floods take place below or- 
dinary spring water level. In the lower reaches of the river, however, above this 
level, the land along the shore being low and flat, much becomes flooded. In the 
restricted portions, where the banks are high, as the flow increases, currents increase 
until they are higher than can be navigated with safety. 

The preliminary surveys showed the necessity of eliminating the maximum flood 
conditions in order to limit the maximum currents to four feet per second, which 
was considered the highest allowable velocity. The storage of the surplus water of 
the spring has many other advantages in addition to the reduction of high velocities. 
These advantages are, principally :— 


1st.—The reduction of flooded area. 


2nd.—Great reduction in the cost of construction. Without a system of control, 
the various regulating works necessarily would be difficult to build and very expen- 
sive. Without them the entire route would have to be excavated 22 feet below 
extreme low water, which would be almost commercially impossible and the locks 
constructed for great variation of water levels. 


All the other constructions along the route would be affected in the same way. 
These features are important, but no doubt the principal reason for the system of 
control is the reduction of velocities at the restricted portions of the river which safe 
navigation required. 

The currents in the restricted portion can be diminished :— 

Ist—By dredging and enlarging the section. 

2nd.—By raising the water level without storage, and thus enlarging the section. 

3rd.—By storing the water in reservoirs and reducing the flood flow. 


The improvements of the channel by the first two methods are extremely expensive. 

The spring flood of 1905 and 1906 created but few currents serious to navigation. 
Particular sections at which the currents were high can be improved with reasonable 
expenditure to pass a flood of the size of these two years. It was decided to determine 
if sufficient storage existed to control the river in a year of maximum flood go that 
the extreme flow would not exceed that of the Spring of 1905. 

In the following list, the discharge and water level of 1905 at different points 
is shown with the discharge and fluctuation of the high water of 1876 and the low 
water of 1906. 


N.B.—Since the writing of this report, the very high water of 1908 has demon- 
“strated that the water level can be controlled at a higher level than the Spring of 
1904, 1905 and 1906 without any serious damage. The result of this observation 
shows that less storage would be required than estimated on in this report. 
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TABLE OF HIGH, ORDINARY AND LOW FLOW OF THE OTTAWA RIVER 
WITH CORRESPONDING WATER LEVELS. 


Sa ee  —————————————————E ees 


High | Ordinary 
Water, Correspond- Service Low 
1876, ing Discharge Correspond- | Water, Correspond- Water 
Locality. Dis- Water and Pro- ing Water 1906, ing Water Shed 
charge, Level, posed Level, Level. cu. ft. Level. in sq. m 
cu. ft 1876. cu. ft. per second. 
per second. per second. 
Stes ADNC..5¢ <5 2: 86,550 |Upper.... : ice 41,399 |Upper.. 5, 820, LUpper.d. sat > | 5h mays 
Vaudreuil........- 60,400 |Ste. Annes... 29,879 |Ste. Anne.... 2. GANT | Ste. PAnnese sae ewe ee 
Mille Ile River... . 35,520 81-07 17,559 75-00 520 60224| See eee 
Pcie Riverss. i. cl >* 120580 fea ap ase ee 64.530: Canal Elvis esi y “12,320; | unr ee cena 
hotalenn tees (OOOO ere eaetgsst y- 153 ,400 75-000 21 600: ti ee eee 56,000 
U. Grenv’! U. Grenv’! U. Grenv’l. 
Grenville;....... 304,000 145 +22 146 ,000 135-85 21,000 126-35 54,327 
R. Locks 117,400 R. Locks R. Locks 
Besserer’s....... 253,100 151-97 120,000 140-00 14,500 127-70 45 ,473 
H. Desch. R Chaudiere. H. Desch. R 
Chaudiere .... 193 , 450 198 -92 87 ,000 194-24 11,000 189 -57 34,623 
Foot. Foot. Foot. 
Ghatse eerie 190, 000 199-6 84,000 195-00 11,000 189 -57 33,975 
Head. Canal El. H. 
“hoy bo rlban ch CGET IRC RENS wee Cole ieee: ICES DASH RE DL: MM Meee te Rika tots bem DAB OO Ws ao centers «Saree ocak ee enema etek 
Sand Pt. 
Chenaux 159 , 700 251 -54 BSS 700 site ee sees P2760 sos kha oe 28, , 288 
Foot. ' Head. Head. 
R. Fendu 91,100 295-5 39, 800 348 -5 f 4,965 342-3 28 , 224 
H. of Isd. 
Calumet......... lL 65,900 355° De SOOchs Mind ake Uw ACOSB ia ekg RS ee ee 
Total 5s), OOO Fret ro mortar 6S GOOF Grenier ter QV GOOMS 0 este rea erste ts 2 ters 
Foot. L. Coul. H L. Coul. 
IBAG UR see Ge 125,600 359 °5 52,400 351-0 6,980 342-5 Delo 2 
Head. Canal L. 
We aan ac fa'ossrare: sastonal| cremartres ptee= BGS oil Lehane eee 2 OLN | Wh Ee er AAR roles egret) Sah 
CUES dos co. tas 1G 14001 See Me Ose SLOW. Mietertee ee Li GOD sas eee oom een 
Total. sate TAS OOO nas see entat a. GONS500m se ase aes 8 GOUT fais seeks one let eater 
Bel. Black 
Foot. Riv. Foot. 
Des Joachims.....| 123,600 374:°7 52,000 370-00 7, 860c leer eee 22,148 
Foot. H. of Rap 
Rocher Capitaine..| 112,800 |............- 46,000 410-00 7,560 440-2 20, 237 
Klock. 
Foot. Klock 
Deux Rivieres.....} 112,700 495: 45,000 470-00 7,500 475-7 20. 122 
Ms 6S ge eps 1 171.000 (E21 904 ibe, Aedes as lead: aissia cen Di a ee ee 
Daa OL SEN le rem rc eia' lle fee Omer DOE fie eS SA ee cee i510 DELO ONG Sen ania Cn Ss Golo ayer eros ¢ 
DESCRIPTION OF SURVEY OF RESERVOIRS. 


Prior to the commencement of the survey, some of the Upper Lakes in the main 
Ottawa were investigated by the Public Works Department, and estimates had been 
made of the cost and quantity of water it was possible to store. 

Early in the season of 1906, a party was sent out to investigate other lakes for the 
same purpose. The first trip of this survey started from Mattawa by way of Kippewa, 


T'rout lake to Grand Lake Victoria. 


the Coulonge river and across to the Gatineau and down the Desert river. 
Appendix K.) 


From there up the main Ottawa investigating 
lakes along the route to the Kakabonga lake at the head of the Gens de Terre river, 
and from there via the Gatineau to Ottawa, some lakes being surveyed on the way. 
The second trip was made up the other branch of the Kippewa river into the Du 
Moine lake at the head of the Du Moine river and from there across to the head of 


PLATE SHOWING LAKES SURVEYED. 


(See 


The lakes surveyed and reported} on previous to this survey are shown ‘on Plate 


No. 3, and marked by a maltese cross. 


Those surveyed during the last season are 
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shown by a 


red circle. 
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A list of these lakes is given below, with their approximate 


area, and the raised elevation above low water level which the surrounding country 
will permit for storage purposes. 


Possible Height 
Area. of Dam above Area raised 1 ft. 
Lakes, Sq. miles. Low Water Level, Sq. miles. 
in Feet. . 

Upper Ottawa— 
BOOS CNOA ee Ax 2 Ghai, eM earn fs, Solis, se, Hele sy 9 150 
Amis Wandin papers Git PMR ee ey oe SENS A hr be he al 115 8 920 
UAT EN DA GL ed Say eB ea OR Ree el ae 100 5 500 
Barr) eren (damier «eae yee eee iter ech eee oe 35 10 350 
BaArrienes (dames Ver mas ie aes yt bon acetate 25 10 250 
sues A Ghee etry. Seren a eee eM ne meen 48 10 480 
Askikwaj (above height of land)...... Ae cee ee eee 84 10 840 
rand a ke: VictOriaeekaccn hoes cclals: cates On ee 30 it 390 
Rain tee ee ee ee eee akey Serine SPARES Oo NRE a 16 10 160 
IBSEN ave | VAR NR ay SN Ee a een Ma, ene 18 10 180 

OXUTAYS eres ned ©, £24 6).0 ieee Mea Rte AA oe ROS TE ROMUEROS a 76 6 42 
IES DO Mae eR ERA Seon Oee chars reheat cles Aa 10 8 80 
CATO OMT eee nats, eee ee etna afer eee ie he 9 5 45 
Chupi@aribowt ye ea eee cet stele CL aed 8 11 §8 
WaT RO GAs aan pian Sa caetae nee oe (phi A RP eh gm eats ond ge 15 6 CO 
LASIAT Ray rey aad dram tes Bel RET co eee vee” erm okt cme ee UL ae ty a te 22 6 132 
PS TOOTH at chit a See ee se ee Be RRS hey leat sus 9 6 54 

4,751 

Kippewa— 

MRE RIG A Wa eee Gon ee eee ean in Sil arte ua cata 110 6 660 
SO TS MER SINC ete EAL! A nee ans wks ee 5 10 50 
UGRECSY WAYS RC tisoo, ee SARs te 3 RSet os ee eg ae a erat RN 5 15 75 
WV olieard sD Rule nt care sr aine otal as Sa aerials 11 12 132 
COARSE Vere eee a lamin. ee eR er AER, Oa Rend ee 7 10 70 
CO MOOONING ere rere eae ek), Prana nia Bcc nae 19 20 380 
Jes Yee TOS Uae aides dl sackets ots SCALE ES SI ate Se ae a ea 8 10 80 
IY ICE GIN ON Gate CA eee Acer lira ae leaker MRL LU ce a 11 5 55 
BTCC LATICCEROSS Sh erate err Senin ciece a ete eee eder ore 6 6 36 
EU ROE NETH 16 0] BEL On elo OMRIR Bey toe ee 9 6 54 

1,562 

Du Moine— 

Bice waker LV WIM Gin sae ns ls rartteee, Me ees 45 10 450 
JE} seat op ahh str thes, Sos Te ape ene Ae een ee eRe Naar aT ne 7 7 49 
SEVEUENLILOPIER KONE tere ee rae) WN oe Serena hon ate. 5 15 75 
(Belitandusuelkx er: cy et ce a mene nossiched oe mie, Fane kanes 5 10 50 
senile taker arias casita. eciertas sila sie dj muneiaeee se 6 15 GO 

714 

Coulonge— 

NEL ECLOMV LC LOLL AE soil Re ee gee eee eee aN 6 12 72 
ESATO ee PEST ee omar: gd te elect ace noly wendemer numero 8 11 88 
CRO U SEO ee a CLE ENG OEE N Slate 6 10 60 
Nishkoted. oo .cceir sos 6 5 30 
Sedans Gai rite trees eae ias aa ts lie core eR sl hae oe 7 10 70 
SILA Ne ral adces emma te pe es ase Ue chr Beth hs aD pos A a NE AP ah@ees 3 | A Als onl eR W75 
| 495 
Gatineau— 

WatcalbOnp ase corm ae pect net ee ees Acts Con wens dete shel bie 75 15 1,125 
INTO ORE Rt ee eh ae ee te ee ashe co fle ace v8 Ab feces 15 12 180 
NV SIV OUITATIN @ cea Toe ea fis besa vin te ania os aaflivesieae sn gr lah-e ss ahayie .¢) +5 45 
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Time did not allow of surveys being made of all lakes, but fairly accurate informa- 
tion exists about certain portions of the country, and with the time at the disposal 
of the survey, it was decided to investigate those lakes which lay further beyond 
civilization and about which very little reliable information existed. A preliminary 
statement was made from the reports of agents of the lumbermen and from the lumber- 
men’s improvements, of the storage which exists in better known portions of the water- 
shed. 

But in addition to this, there are about 10,000 square miles of the Upper Ottawa 
and, its tributaries which are unexplored, and about which very little is known except 
that it is a country similar to that which has been explored and surveyed, that is, 
covered with forest and numerous lakes. In all portions of the water-shed where lum- 
bering operations have been carried on, the lumbermen have operated dams for the 
purpose of driving logs into the main rivers. Usually, these dams are closed in the 
fall, and the water accumulated in order to be sure that the lakes will fill in the spring 
in case the spring is a low one. Generally, these dams are constructed so as to hold 
the water just above high water mark. 

From the preliminary investigation made in the field, and from information 
gathered from all available sources, the following table of storage possibilities has 
been prepared. 
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EFFECT OF STORAGE SURVEYED ABOVE BESSERER’S GROVE. 


Above Besserer’s Grove there is a drainage area of 45,478 square miles. This 
territory has been divided into the various tributary drainage areas under three head- 
ings, in the preceding table :— 

1.—Storage examined (included in certain drainage area). 

2.—€torage estimated from lumbermen’s reports (and maps of drainage area). 

3.—-Storage estimated in unexplored country. 

No doubt, in the portion examined (namely, 18,300 sq. miles of drainage area 
out of a total of 45,000 sq. miles) the largest lakes exist, but it is well known that of 
the country, estimated in column No. 2, with 22,700 sq. miles of drainage area, which 
includes the south tributaries and much of the north tributaries, many lakes with 
large storage occur. From the maps and reports of the lumbermen, description and 
estimates covering a proportion of this territory were made which are shown in 
column No. 2. Many lakes occur in this district, which are not included through 
lack of more definite information. : 

Column No. 3.—The unexplored country includes the head waters of the Black, 
the Montreal, the Blanche (running into Lake Timiskaming) the Ottawa, northeast 
of Expanse and the upper waters of the Ottawa and the main Gatineau rivers. From 
the reports of surveyors and engineers of the various railroads, and lumbermen. 
it is known that numerous vety large lakes exist in this territory, but for safety 
only 50 per cent in proportion of that found in the surveyed district was allowed for 
this territory. Doubtless, if smaller lakes were included, the entire storage could 
be increased by 25 per cent, but by so doing the cost of operation and construction 
would be very largely increased. 

From the foregoing figures, it seems proper to state that at least 20,000 sq. miles 
by one foot exists above the section at Besserer’s Grove. 

For uniformity, storage has been estimated in square miles by one foot. The 
total cost includes some damages for land flooding. The value of the land flooded, 
generally would be insignificant. In some cases, damage might be done to standing 
timber, but this could be removed prior to construction, and most of it of any value 
on account of its accessibility has been already removed. 


COST OF RESERVOIRS. 


The dams are proposed to be built of timber similar to those now operated by 
the lumber interests, but more efficiently equipped. The total cost of the reservoir 
system is estimated at $2,000,000. More detailed study might vary this but not to 
any great extent. 

The average height of the reservoirs is about 10 feet. This height is generally 
controlled by the outlet where any additional height would only be given by great 
lengthening of the dam section and by increasing the cost. But in other cases, any 
further raising of the lake is prohibited from the fact that by so doing the water 
would find other outlets draining, sometimes in the same river and sometimes into 
other tributaries. This is quite noticeable at the height of land where already the 
lumbermen, to avoid long driving of the logs, have taken advantage of it and have 
thrown certain parts of one water-shed into another. In quite a few lakes the height 
of the reservoir is limited by the drainage area tributary to it not giving it sufficient 
water to fill it to the maximum height of possible construction. 


NON-INTERFERENCE WITH LUMBERING OPERATIONS. 


The construction of these reservoirs is expected to assist the lumber interests 
operating in the district. The lumbermen now operate certain reservoirs with which 
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to drive their logs. The two conditions which the storage is designed to eliminate 
are, extreme high and extreme low water. 

As the occurrence of these create serious damage to the lumber interests, their 
elimination would be beneficial. 

The following calculation shows the effect on the flow of 1876 at Besserer’s 
of 20,000 square miles by one foot of storage, which is the estimated storage of the 
water-shed as previously shown. 


The calculated daily discharges for that season are as given in the following 
tables :-— - 
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It will be noticed from the figures in the table that the river begins to rise about 
the 1st April, and continues to rise until May 15, and then falls gradually, reaching 
about the same level at the end of July as it was on the 1st of April. If it is desired 
to restrain the water at elevation 140, or ordinary spring level, which corresponds to a 
flow of 117,000 cubic feet per second, it is necessary that on April 21, when the water 
reaches that state, that certain water pouring into the river at Bessererg should be 
restrained from entering the main river, or rather, some days previous to April 21— 
say April 15—the water, which on the later date reaches Besserer’s Grove, is pouring 
from the storage lakes unimpeded; then, on April 16, a certain portion of the reservoir 
capacity has to be employed to restrain the water which reaches Besserer’s on April 
22, and every day thereafter, certain additional storage must be called upon. » 

In the list, it is seen that the difference between 122,750 and 117,000, or 5,750 
cubic feet per second, is the excess which must be stored on April 22 to control the 
river at elevation 140 at Besserer’s—the difference between 125,214 and 117,000, or 
8,214 cubic feet per second must be stored on April 23, and so on until J uly 4, when 
the flow falls to 117,000 cubic feet per second again. 


The total amount to be stored in April is 138,285 cubic feet per second for one 
day; in May 2,951,169 cubic feet per second for one day; in June 1,491,960 cubic 
feet per second for one day; and in July 19,952 cubic feet per second for one day—a 
total of 4,601,366 cubic feet per second for one day. 4,601,366 cubic feet per second 
for one day, as there are 86,400 seconds in one day, equals 397,558,022,400 cubie feet 
which equals 14,260 square miles raised by one foot. " 

On April 22nd, however, or the number of days previous to this that it takes the 
water to reach Besserer’s, the entire water-shed is in a certain condition, the lakes 
‘having been raised above low water to a height corresponding to elevation 140, or 
ordinary spring level. 

It was impossible to determine this level, as no gauges are in existence on the 
majority of the lakes. Our estimate of storage is above low water mark. Therefore, 
to the above required storage must be added the additional storage required above 
low water mark. 

It is difficult to calculate what this should be, as a basis, presume that elevation 
130 at the Rideau locks is low water mark and the stage at which the reservoirs might 
be considered empty. The total amount of water flowing from J uly 4, when the 
water is at elevation 140, to August 28, when the elevation is 130, can be divided into 
two items. 

1. The inflow into the lakes which are to be constructed into reservoirs. 


2. The water drawn from the natural storage of these lakes as the water falls in 
the lakes from ordinary spring level corresponding to elevation 140 to low water mark 
corresponding to elevation 130. 


It is difficult to estimate the proportions of both but the natural storage of the 
lakes which are to become reservoirs is not probably one-third of the flow from July 
4 to August 28, but in estimating 50 per cent a factor of safety is assured. 


The total discharge from July 4 to August 28 is 3,410,148 cubic feet per second 
for one day, or 294,636,787,200 cubic feet, or half of this storage, or 147,318,393,600 
cubic feet, or 5,284 square miles by one foot, which represents the additional storage 
above low water mark to ordinary spring level of the storage lakes. 

The entire reservoir capacity required above low water equals 14,260, plus 5,284, 
or 19,544 square miles by one foot. Although 25 per cent more storage exists, it was 
considered wiser to use 20,000 square miles by one foot as the basis of computation. 
As the reservoirs average ten feet in height, this represents a lake area of 2,000 square 
miles. It is therefore seen that the flood flow of 1876 can be controlled at elevation 
140, or ordinary spring level. 

Further research may show the advisability of increasing this level. 
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It has been assumed in the above calculation that the run-off is proportional to 
the drainage area, and no other hypothesis seems reasonable. 

The important feature in connection with the problem is the time factor. It has 
been pointed out previously that the high water of 1876 appears to have been caused 
by the combination of the high water of the south and the north tributaries. In 
ordinary years, the high water of the south tributaries is over before that of the north 
tributaries occurs, but in the year 1876, and in some other years, the combination 
of the two took place. Heavy rain-fall over the south tributaries, combined with 
heavy rain-fall and melting snow from the woods of the north tributaries. It has also 
been found from the records that the high water of the main Ottawa at Mattawa and 
of all the north tributaries with the exception of the Du Nord, near Montreal, occurs 
within a day of each other. Such being the case, the entire drainage area of the north 
can be considered collectively. If only a few reservoirs were to be constructed, their 
position would have to be judiciously selected. There is no doubt that the adminis- 
tration and the determination of the time which it requires the waters to come from 
the various reservoirs, must be considered carefully. But, in estimating the water- 
shed flow from April 15 to July 30, and providing for the storage of all excess water 
above a certain period, ample protection is given. 

As noted above, the effect of storage was considered more minutely for Besserer’s 
Grove section by reason of our more complete records. 

By a similar computation from the flows at various sections, and the reservoir 
capacity above them, the flow at which the various reaches could be controlled was 
calculated. A larger factor of safety was assumed at other sections, where our data 
on the flow of 1876 was not so complete. 

These controlled flows practically represented the flow of an ordinary low spring 
as that of 1905, and are shown in List No. 1. If no yearly fluctuations in the river 
existed, the storage could be regulated so that very little fluctuation in the flow of 
the river would take place, but as the average flow of a high year is from 50 per cent to 
100 per cent greater than that in a low year, regulation works have to be constructed 
at various points along the river to control the water and prevent fluctuation. 

These regulating works are at Montreal, Grenville, Chaudiére, Chats, Chenaux, 
Calumet, Paquette, Des Joachims, Rocher Capitaine and Deux Rivieres. 


GRADIENT. 


The high water flow will, in some of these reaches create a gradient causing a 
fluctuation from high to low water at the upper end of the reach. From the sections 
and present slopes, this is calculated to be three feet at Mattawa; about 6 inches at 
the foot of Deux Rivieres; one foot at the foot of Rocher Capitaine; one foot at the 
foot of Des Joachims; two feet at the Cheneaux; two feet at the foot of the Chats; 
from two to three feet at the foot of the Chaudiere and the same amount at the foot 
of the Carillon. 

By controlling the flood, the entire character of the river is changed, and practi- 
cally slack water navigation created. With the exception of a few restricted sections, 
in which the maximum current will not exceed four feet per second, and safe navi- 
gation is therefore assured. 

It seems justifiable, therefore, to state that the improvement of the river by 
means of storage is a work of great importance, and one upon which the safe navi- 
gation of the canal appears dependent. The information collected to date shows that 
sufficient storage exists to control the river at ordinary spring level, with the flows 
shown previously, and from the surveys made and information collected, the cost 
of the storage reservoirs is not excessive when compared with the benefits derived. 
Their operation is, however, a question of some moment by reason of their number 
and inaccessibility, but it is believed that a more extended study will develop a sys- 
tem by which this can be done at a reasonable cost. This would probably require the 
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construction of telephone lines and some other minor work, but it is not expected 
that the inaccessibility of this country can continue for any great period. 

Aside from the advantages to future navigation to be obtained from them, there 
are others which in themselves are sufficient to guarantee the construction of many 
of them, if not the total number. The flood of 1876 is still sufficiently well remem- . 
bered by those engaged in industries along the river to state that its recurrence is 
greatly feared. At that time, the river, particularly at Ottawa, was very much less 
restricted, and the improvements and constructions built since then by the various 
power-users have now no doubt seriously interfered with the free flow of the river. 
It is impossible to estimate what the resulting damages might be in case of a re- 
currence of the flood of the magnitude of that of 1876. It would close down mills 
and power-houses and destroy dwellings and buildings and the resulting loss would be 
excessive. 

Owing to the recurrence of low water, navigation at present in the different 
reaches of the river is seriously hampered. Water-power users along the river have 
also been forced to close down, partially or completely, for considerable periods of 
time. Navigation and power interests have repeatedly requested the Government to 
construct a number of storage reservoirs at the head-waters of the Ottawa, and 
eliminate this extreme low water period. | 

Very low water in Montreal harbour and the St. Lawrence appears to be coinci- 
dent with the low water in the Ottawa, and any increase in the low water flow of the 
Ottawa would have some effect on the St. Lawrence and Montreal harbour. No 
curve of discharge of the St. Lawrence exists from which the effect of this increase 
can be accurately calculated. 

The question was taken up with the ohiet! engineer for the Harbour Commis- 
sioners of Montreal, and he gave his opinion—although lacking data upon which to 
give a very definite one—that increasing the level of the Ottawa by one foot would 
have a corresponding effect on Montreal harbour of five inches. This could only be 
decided if the flows of the river at the various times were known. But, as the low 
water level at upper Ste. Anne could be increased over two feet, this would increase 
Montreal harbour and the St. Lawrence one foot. As, during the last summer, when 
very low water existed in the Ottawa river, vessels had to leave Montreal harbour 
only partially loaded, it can really be seen how great an improvement this raising of 
the water level by one foot would make. This feature is worthy of more extensive 
study and would require gaugings of the flow of the St. Lawrence at different 
localities. 


ALEXANDER McDOUGALL. 
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WATER POWERS. 


Another important question closely connected with the project, is that of water 
power, which is destined to do so much in the future development of our country. 

On the Ottawa river, even in its present condition, the force unused is enormous. 
Efforts should be made to render this force available and easy of development, and 
as permanent as possible. As a factor in the growth of a city and its industrial 
activity, power is of the greatest importance, if it can be produced at a comparatively 
low cost. In many cases it will provide a basis for new communities. If within close 
proximity of lines of cheap transportation, then it possesses all the elements of 
suecess, and it is bound to attract attention some day for the development of indus- 
tries. 

It has been shown that the scheme of improvement for a 22 foot waterway, on the 
streams utilized for that purpose,—and the only project admissible—is by means of 
loecks and dams. 

Basins of various lengths are created, concentrating at the foot of each, practi- 
cally all the fall existing between two levels thus bringing together scattered and 
uncontrolled force and placing it within possible reach of economical and indus- 
trial enterprise. 

In connection with the canalized rivers, power will be available only on the 
French and Ottawa rivers, it being imposible to use any water on the Mattawa sec- 
tion of the waterway for power purposes, as it will all be required for lockages. 

What has been said in regard to the importance of regulating the flood waters for 
navigation purposes, the preservation of forests, &c., applies also to the question of 
water powers. 

The amount of power available is governed by the low flow of the rivers, and on 
streams which have excessive variations, the value and permanency of water powers 
is much impaired. 

The ideal condition for large industries depending on water power, is to be 
- assured as near as possible of a regular average flow. 

Average flow represents the stage of the river assuming it to remain constant 
from one day to another all the year through. It is practically the actual condition 
that would exist for the Ottawa valley, should a perfect system of reservoirs be con- 
structed, so that the floods could be held back and distributed during the low water 
season. 

These ideal conditions are impossible to attain in practice for a large river like 
the Ottawa on account of extreme fluctuations of flow. The ordinary low flow can, 
however, be much increased by the reservoir system, and in considering water powers 
this question of increased’ average low flow is of great importance. 

A prominent example in this case, where,the increase in the low flow by means 
of reservoirs, has benefitted industries is that of the Mississippi river already men- 
tioned. At Minneapolis, the possibility of depending on an increased low flow as 
compared with conditions before the present storage system was commenced at the 
head of the river, has given a large impetus to water-power development, and apart 
from those already established, large projects are under consideration. 

In the reports, U.S. Chief of Engineers, it is stated that the reservoir system has 
already directly benefitted the milling interests of Minneapolis to the extent of $500,- 
000 annually, the production of flour by water power amounting to 16,000,000 barrels 
at less than one cent a barrel, which by steam would cost 5 cents. 
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In all projects related to the question of water power development, great attention 
is now paid to the preservation of forest areas at the head of streams, and the follow- 
ing resolution adopted by the Board of Directors of the American Institute of Elec- 
trical Engineers, January 10th, 1908 is of great interest. 


‘Whereas, The American Institute of Electrical Engineers recognizes that 
water powers are of great and rapidly increasing importance to the community 
at large, and particularly to the Engineering interests of the country, and, 

‘Whereas, The value of water powers is determined in great measure by 
regularity of flow of streams, which regularity is seriously impaired by the 
removal of forest cover at the headwaters with the resulting diminution in the 
natural storage capacity of the watersheds, this impairment frequently being per- 
manent because of the impossibility of reforestation, owing to the destruction of 
essential elements of the soil by fire and its loss by erosion; therefore 

‘Be it resolved, That it is the opinion of the American Institute of Elec- 
trical Engineers that the attention of the national and state governments should 
be called to the importance of taking such immediate action as may be necessary 
to protect the headwaters of important streams from deforestation, and to secure 
through the introduction of scientific forestry and the elimination of forest fires 
the perpetuation of a timber supply.’ 


In our country, fortunately, there is yet time to take measures to protect the 
forests from the standpoint of timber supply as well as for the protection of water 
powers, but the question does not permit of much delay. 

An understanding between the provinces and the federal government governing 
the exploitation of forests, by severe and enforced regulations of the annual cut, 
and the prevention of fires would go a long way towards maintaining the forested 
areas. 

Another matter which will have, some day, to come under discussion and form 
the subject of an agreement between the provinces of Ontario and Quebec and the 
federal authorities is the control and disposal of water powers on the Ottawa river 
and other rivers proposed to be canalized for the deep waterway. 

Early in 1906 this was set forth in the following recommendation to the depart- 
ment :— 

‘In relation to the existing water powers along the proposed Georgian Bay 
Ship canal route, as there is a possibility that the construction of this canal may 
at some future time be undertaken as a government enterprise, it is very import- 
ant that the requirements of navigation should be considered in the sale or leases 
of any water power owned by the provincial or Dominion governments. 

The different streams which should receive careful consideration, and which 
no doubt should come under the rulings of some kind of agreement between the 
Dominion and the Ontario and Quebec governments are:—the French river, the 
Pickerel river, the Mattawa and Ottawa rivers, including all the channels of the 
last-ramed waterway. 

Also all the tributaries to these rivers, where waterfalls are so situated that 
they might be affected by a permanent rise in the main rivers for navigation 
purposes. 

We are under the impression that there are now several applications before 
the two provincial governments interested to purchase or lease certain water 
powers on the above-mentioned rivers. 

For instance it is stated that the Quebec rights of Great Calumet falls, the 
Rocher Capitaine and the Des Joachims falls of the Ottawa river, are under 
option to sell to certain capitalists, and that the Ontario Power Commission just 
appointed will consider the great powers on the Ontario side. 

These powers, as well as all other powers, will naturally be affected consider- 
ably by the canal construction. Rapids and falls will be obliterated in most 
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cases, by the creation of raised permanent reaches, the powers being thus shifted 
to the localities where dams will be built, etc. 

No doubt if these rapids and falls are owned by private individuals without 
any reservations, there will be claims to obtain money from the government, even 
if the same amount of power is offered as a compensation at the nearest locations 
where dams are constructed. 

The question is of the most serious importance if considered in regard to the 
French and Mattawa rivers. Our information is to the effect that some people 
are inquiring for power on the Mattawa river at Talon chute. Any power that 
would be built there, as well as on the French, would utilize the total available 
flow if the development was of any size at all, and this would render the problem 
of canal feed at the Summit level much more difficult and involved, as_ these 
power developments would necessarily have to be purchased. In this instance, 
it would be advisable, if it is possible to do so, to have the Ontario government 
withdraw these powers from sale until it has been decided whether the canal is 
to be built. | 

All along the route considerable power will probably be required at different 
points for canal purposes, such as lighting, power for locks, etc., and we think, 
it would be wise if the Dominion government were to notify the provincial gov- 
ernments to the effect that in a sale or lease of any of the waterfalls along the 
route, a stipulation should be put in the agreement setting forth that the gov- 
ernment has a prior right to all water required, not only for navigation, but also 
for lighting, manipulation of lock gates, valves, ete. In most cases of the sale 
of such water powers, the provincial governments sell also the land alongside 
of the water power and as in many cases land would be required for locks and 
other works it might be well to suggest that before any such sale is consummated. 
the provincial authorities submit such agreement to the Dominion government. 

In the text of any agreement a rider could also be inserted to the effect, that, 
should a power be leased, in the event of the construction of the canal and the 
necessary expropriation of that power, the capital invested only to be considered 
and not the future or prospective profits. 

Tt is generally claimed, we believe, though we understand this claim is dis- 
puted, that all the water powers lying between Ontario and Quebec along the 
Ottawa river are owned by the Dominion government. 

If there is any probability of this being so, we would suggest that the Dom- 
inion government shuuld declare their rights as such action would certainly pre- 
vent a great deal of trouble in deciding as to the final construction lines of the 
canal and avoid many troublesome claims. The powers that have been already 
sold and are still undeveloped must also be considered, and it is necessary to know 
if the Dominion has any preferential rights as to these in the furtherance of a 
national canal system for purposes of navigation. 

As to the powers already developed, where large interests are involved, no 

~ doubt compensation will have to be paid if the owners are even slightly disturbed 
in the enjoyment of their privileges and rights. | 

But even in these cases, the government should fully control future improve- 
ments, alterations or enlargements of the powers used by the different industries, 
in order that existing difficulties in designing and constructing a large canal be 
not increased. 

The conditions regarding the lumber industry as now carried out will neces- 
sarily be changed if the canal is built, and from these interests as well as from 
others it is possible that opposition to the canal may be developed. There may 
also arise claims of exclusive rights granted to individuals, and it would be well 
to know whether any such exclusive rights exist, and to know also if rights 
claimed as such could be sustained in impairment of public interest in case the 
eanal is built as a national work. 
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In any case, we believe that steps should be taken at once, and an agree- 
ment reached with the interested provincial authorities, that no privileges or 
rights be granted, no sales or leases be made, of any of the water powers on the 
Ottawa river without the consent and approval of the Dominion government; 
that all privileges applied for or sales or leases proposed to be made on the 
Mattawa and French rivers be withheld until the Dominion government has 
made known its decision regarding the construction of the canal. - : 

We therefore respectfully suggest that it would be of the utmost import- 
ance that any future application for water powers along the proposed route, or 
for changes or additions in the development of powers already occupied, should 
be submitted for report and recommendations to a permanent committee com- 
posed, say, of three engineers connected with the Georgian Bay Ship canal inves- 
tigation, and a departmental law officer as legal adviser. 

We believe this would greatly help in having water power industries 
developed on lines that would not interfere with navigation, should the water- 
ways under consideration ever form part of a large transportation route. 

As we are under the impression that lots along the Ottawa river were 
reserved by the Dominion government many years ago, may we suggest that the 
departmental law clerk be instructed to look this matter up, and compile a list 
of such reservations and obtain copies of plans showing the location of lots so 
reserved.’ 


It is again earnestly recommended, that the above be given early attention. 


It may even be said that it will be greatly to the public interest if these water 
powers are acquired by the Dominion government, and their acquisition seems an 
absolute necessity if the waterway is ever to become a reality. 


Several reasons may be given to support this statement :— 


ist. Despite statements to the contrary, the great water powers of this country, 
vow undeveloped and within easy reach, are not numerous. 


2nd. The majority of the powers on the Ottawa cannot be developed properly 
except by the two sides of the river jointly. As this requires the merger of different 
and often opposing interests, it will be almost impossible to accomplish a proper 
development by the present control of the two provinces, one on each side of the 
river, and the present methods of sale. 

3rd. Their proper development requires the storage of the surplus water 
to supplement the low water period, and thus enhance their value. This only can 
be done by the Dominion, as already projected for some of the large lakes of the 
Upper Ottawa valley, considering at the same time the requirements of navigation. 


4th. The dual control of the provinces, is bound sooner or later to develop litiga- 
tion between the two sides of the river and ultimately the parties interested will 
call on the Dominion to come to their assistance, as evidenced at the Chaudiere falls 
during the past few years. 

5th. If controlled by the Dominicn government entirely, then a fair return 
could be obtained from the various water powers, and a much larger and more per- 
fect development would be possible. 


For all these various reasons, which could be elaborated to a much greater extent, 
it is obvious that it would be in the public interest for the Dominion government to 
acquire these water powers. 

It has been stated also that their acquisition and absolute control is a necessity 
if the proposed waterway is to be built now or in the near future. 

The present plans for the waterway almost completely change the actual condi- 
tion of the river. Many powers are obliterated and others are created, while the 
- value of some is greatly enhanced. 
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If these powers, which under the requirements of the navigation scheme are to 
be obliterated, are allowed to be developed by different parties, the damages to pay 
in case of canal construction will be very large. 

For the other powers, conditions will be so changed, that unless designed at first 
along the lines of the canal project,—and the first cost then would be excessive for 
initial development—heavy damages will also be claimed if the canal is constructed. 

The plans proposed create at least twelve large water powers which consume the 
entire head of the river from Mattawa to the Lake of Two Mountains, apart from the 
possible two powers on the Back river should that route be selected for the waterway. 

It is estimated that nearly 1,000,000 effective horse-power will thus be made 
available. 

These powers by reason of the canal construction and the storage created at the 
head-waters form one of the chief features in the building of the canal, and if pro- 
perly administered, would ultimately, as industries would gradually be established, 
go a long way towards paying interest on the total cost of construction. 

Power will be required also by the administration of the waterway proper, for 
operating lock gates, valves, and for lighting the route for night navigation. 

It may be cheaper for the government to develop this at one power, or a propor- 
tion at several powers, and this might be the source of friction or trouble with the 
lessees from the provincial governments if the powers continue in their control. The 
large water powers of the Ottawa river in its present condition are the Chaudiére, 
the Chats, the Grand Calumet, Des Joachims and the Rocher Capitaine; the Chaudiére 
being the only one extensively developed. There are numerous other powers of lower 
capacity, but those mentioned above apart from the Chaudiére, are the big undeve- 
loped powers, with heads varying from 25 to 50 feet, which can be conveniently 
developed at present, but requiring the building of extensive dams and the excava- 
tion of long canals for proper development. The low flow of the river available varies 
from 7,000 to 12,000 cubic feet a second, depending upon their situation in the river. 

By the plans for the waterway, the flow with the proposed storage, will be 
augmented at low water season, the number of available sites for powers increased, 
and in addition the navigation requires the construction of dams which are in them- 
selves the most expensive part of the power development. But these dams in general 
are larger than a power company would undertake for development purposes only. 
Therefore, it is clear that ultimately owing to the work of the federal government, 
the energy available will be of from 15 to 20 times more valuable than it is at present, 
and it would seem to be good business for the Dominion to acquire the powers now 
if they could be reasonably purchased. 


Mr. Alexander McDougall, hydraulic engineer, who was commissioned to collect 
data as to the powers on the streams utilized for the proposed waterway, submits the 
following report and tabulated statement of power possibilities. 
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‘The water-powers of the rivers through which the Georgian Bay canal passes 
present many varying and important features. 

Their proper consideration requires careful study from their economic as well 
as physical aspect. 

It is not a difficult problem to calculate the cost of developing any power, but 
its value, when developed, depends on whether a market for the power exists, or if 
it can be created. In the Ottawa and French river valleys there is, practically, no 
present demand for power. Much of late has been written of the value of water- 
powers for manufacturing purposes, but power is but one of the smaller items in the 
cost of most manufactured articles. The cost of a manufactured article is governed 
most largely by the cost of labour, cost of raw material and transportation of the 
raw material and finished product. 

Before the development of the otherwise cheap powers of the Uttawa river can 
be decided upon, full information with reference to the amount and cost of raw 
material, of labour, and the transportation facilities, is required. Ultimately all the 
water-powers of the Ottawa and French river valleys will furnish motive power for 
some useful purpose. Their present value varies with the length of time remaining 
before the ultimate development is reached. If this length of time could be pre- 
dicted, their absolute present value, as compared with steam or other motive power 
and their economic worth to the country, could be calculated. But a prediction of 
this kind is but little better than a guess where so many variables affect the result. 

Aside from the pulp and paper manufacturing, for which there is an abundance 
of raw material which the river transports cheaply to the mill, there are but few 
manufactories that could now be expected to locate on the water-powers of the Upper 
Ottawa. 

For pulp and paper mills these powers offer,splendid sites. Their principal 
drawback is the lack of competition in the transportation of the finished product. 
Where weight is so great compared with its value, transportation plays an important 
part in the location of any manufactory of this type. Apart from the development 
of these powers for the pulp and paper business, no great likelihood exists of their 
Obeing developed in the near future, except for possbile electric smelting or electrifica- 
tion of railways, chemical works, which are large users of power, might be advan- 
tageously placed at some of them. 

The chief difficulty in developing the various powers is in connection with the 
construction of the necessary dams and head-works. Generally, each development 
requires the construction of a new dam entirely across the river. These dams would 
be sufficient for the development of the entire flow of the river, but usually a market 
is only available for a small portion of this, and the initial development would have 
to pay interest on the outside works for the total development until such time as a 
market for the total development was created. It might be stated, as a general 
principle, that the development of these powers requires an initial market for at 
least 50 per cent of the total available power before development is commercially 
feasible. 

This statement is subject to some exceptions where the river is adaptable for 
smaller development, as in the case of the Chaudiére at Ottawa, but the development 
of the powers by a number of small users, such as in the above, leads to extreme 
wastefulness and litigation. 

The Chaudiere, the Chats, the Grand Calumet, Des Joachims, and the Rocher 
Capitaine are the big powers of the river below Mattawa. There are numerous other 
powers of lower capacity. Some of these, although offering sites from which power 
could be developed cheaper than steam, will hardly become commercial factors in the 
present generation. One other feature seriously retards the present development of the 
powers. The river is subject to great fluctuation from high to low water. Although it 
may not be exactly correct to valuate any power from the minimum conditions of 


GEORGIAN BAY SHIP CANAL SURVEY 295 
SESSIONAL PAPER No. 19a 


flow, still the head races require to be constructed of sufficient capacity under those 
minimum conditions, and therefore their size is usually much greater than would 
otherwise be necessary. 

The present plans for the construction of the Georgian Bay canal entirely alter 
the general features of the river. For the purpose of lockage, the falls have been 
concentrated and all of the low rapids obliterated. Navigation requires the construc- 
tion of dams across the head of most of these powers. These;dams, built for naviga- 
tion purposes, eliminate the greatest difficulty from the development of the water- 
powers, it being only necessary, in the majority of cases, to install machinery for the 
available market, extending as it increases. The partial initial development, per 
horse-power would, therefore, be but little more expensive than the unit cost per horse- 
power for the total development, whereas, as previously mentioned, the present de- 
velopment of the powers, except for very large initial consumption, is practically im- 
possible. In addition, the needs of navigation require the elimination of extra high 
water by the construction of a system of storage reservoirs at the upper reaches of the 
river, this water to be released at low water period and eliminating extreme minimum 
conditions. This feature is described in detail in this report, under ‘ Storage.’ 

Tdeal sites for the location of flour mills for milling in transit will also be avail- 
able and, no doubt, many other manufacturers will be attracted by the combination of 
cheap power and transportation. The advantages of these two combined have been 
shown particularly at the Soo and Niagara. In neither of these cases can the power 
be considered as cheap as can be developed in other portions of the country. But the 
advantage of cheap transportation and local market has developed these before the 
other cheaper powers have been touched. 

The construction of the canal will furnish one of the principal reasons for the 
development of the powers by giving cheap transportation both for the raw material 
and the finished product. The powers will be still better adapted for the manufacture 
of paper and pulp with a waterway both to the American and European markets. 

It would seem advisable, in view of the above circumstances, that if there is a 
probability of the canal being constructed, that immediate control of the various 
water-powers be acquired by the Dominion government. 

A study of the intimate relations between the proper development of the powers 
and the construction of the canal will show the truth of this statement. 


The present system of dual control by the provinces of the bed of the river and 
control of the water for navigation purposes by the Dominion has led to many com- 
plications and retarded their proper development and has been the source of expen- 
sive litigation. These powers constitute one of the great natural assets of the Do- 
minion and their proper development is one of serious importance to the entire com- 
munity. 

The table shown on page 292 has been prepared giving the governing features of 
the developments of present low water and the developments of the regulated low water 
after the canal is constructed. By a careful study, the contrast between the two is 
plainly apparent and even the most conservative cannot fail to be convinced of the 
enormous increase of power available after the canal is constructed. 

The tabulated capital costs per electrical horse-power, are figured on electric 
power from the largest practical units. The estimates do not include anything for 
transmission lines and are subject to variation depending on the purpose to which the 
power is applied. 

A study of the powers was conducted as follows:— 

The position where best efficiency could be derived from the water was decided 
upon. The survey plans showing 5-foot contours, proved of great value. The effec- 
tive turbine H.P. was calculated and the number of electrical units determined, the 
size of the power-house and other details. 


e 
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The present development proposed for these powers might be criticized as not 
being the most economical, even for electrical generating plants, but developments 
have been projected to concur, where possible, with the plans of the canal as to situa- 
tion of dams, etc., and hence a better contrast with the development which is proposed > 
after the canal is constructed. 

It must be borne in mind that the capital costs tabulated, are based on develop- 
ments of the total low water flow and in each case as a combined property. A power 
company usually constructs the outer works for the ultimate capacity of the plant 
and installs only the necessary number of hydraulic and electrical units to supply; the 
demand of the market at that time; additional units are added as the market 
increases and generally after some return has been made on the first investment. 

A short description of the various sites follows, describing in more detail the 
larger powers. This will, doubtless, impart some idea of this enormous asset of the 
Georgian Bay Ship canal: ; 

From the Montreal terminus to the Lake of Two Mountains, the two routes under 
consideration for canalization are.— 

Ist. Via Lake St. Louis and Ste. Anne de Bellevue. 

2nd. Via Riviére des Prairies (Back river). 

On the latter route, the Prairies lift will be the first power site situated about 
five miles from Bout VIle. The rapids here are impracticable for a present 
development, as the head of 8 feet is greatly reduced at high water. If the canal is 
constructed, there will be a minimum effective head available of 22 feet and a flow 
of 40,000 cubic feet per second. With these conditions, there could be developed 
(4,240 electrical horse-power. It is questionable whether 40,000 cubic feet per second, 
which is slightly less than the total regulated low water flow from the Lake of Two 
‘Mountains, could be utilized on the Riviére des Prairies channel as sufficient water 
would probably be required in the other channels to accede to riparian rights. 

The Recollet lock will be situated about eight miles above the Prairies lock. 
From Cartierville to Sault au Recollet, a distance of five miles, there is a fall of 
27 feet. There are several minor developments under small heads, but no large 
development has been attempted on acount of unfavourable conditions. The canal 
lift at the Recollet lock will be 35 feet and, in order to economically use this head, 
it is proposed to locate a power-house along the bank of the entrance canal about 
one and one-half miles above the lock. Allowing sufficient water for lockages during 
the busiest season, a flow of 8,000 cubic feet per second could be used to develop 
74,240 electrical horse-power. It is questionable whether 40,000 cubic feet per second, 
not utilize the whole regulated low water flow, it is the most probable and econo- 
mical when careful consideration is given to the location of the canal works. 

The two lifts on the Riviére des Prairies will create very valuable water-powers, 
especially as being in the district of Montreal. 

Proceeding by way of Ste. Anne, the first power will be located at Pointe For- 
tune, near Carillon, 49} miles from Montreal. The present low water head is 133 
feet, which, with a discharge of 17,400 cubic feet per second, is capable of develop- 
ing 19,300 electrical horse-power. After the canal is constructed, there will be con- 
centrated here the fall of the series of rapids above, making a head of 40 feet, which 
with a regulated discharge of 43,950 cubic feet per second is capable of developing 
148,000 electrical horse-power. 'This power would, undoubtedly, be of great value as 
being in such close proximity to Montreal, where the market for electrical energy is 
rapidly increasing. 

The next power site is situated at Hawkesbury, which is 60 miles from Montreal 
and 103 miles from the Pointe Fortune power just described. On the Quebec shore, 
the Hawkesbury Lumber Company have developed some 1200 horse-power under an 
8-foot head. Canal regulation works will meintain a maximum fall of 25 feet, but, 
allowing six feet for slope of the water surface in the 67 miles above, friction, losses, 
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&e., an effective head of 19 feet can be utilized and 71,800 electrical horse-power 
developed. The large cost of this development, as tabulated, is owing to the heavy 
- expense in the construction of outer works, the main channels of the river being 
taken up by sluice-gates for the proper maintenance of the canal levels; also the 
head being comparatively low, the adoption of smaller electrical units is necessary. 
This improved power at Hawkesbury would most likely be used in different lumber 
and pulp manufactories for the district below Ottawa. 

The next lift at the Chaudiére falls is 126-8 miles from Montreal. There is 
at present a turbine installation of about 50,000 horse-power under heads varying 
from 16 to 27 feet. These present powers are being greatly improved by the construc- 
tion of a massive stop-log dam across the river, just above the falls. The canal dam 
will, probably, be placed about three-quarters of a mile above the falls, and, in order 
not to interfere with the present interests, a development has been figured on with a 
twenty-foot head which will be the difference in the level between the water in the 
reach above Ottawa, and the water surface to be maintained by the power owners’ 
dam. Hence, with a regulated discharge of 28,000 cubic feet will be an additional 
45,000 electrical horse power available at the Chaudiére after the canal is constructed. 
This increase of power would be welcomed, as even at the present time the supply of 
hydro-electrical power is insufficient. 

By the erection of the canal dam. at Ottawa, the Deschenes rapids will be 
drowned out. 

The Chats falls is the next power site situated twenty-eight miles above Ottawa 
and 153 miles from Montreal. A thorough study being made of a development here, 
it is proposed to raise the head water sufficiently to drown out the Chats rapids above. 
Under a 48-foot head, there is at present 43,300 horse-power available here. In con- 
trast to this, the conditions when the canal is built, will be a regulated low water flow 
ef 27,400 cubic feet per second which, with an effective head of 48-5 feet is capable of 
generating 113,500 horse-power. For both present and future developments, it is pro- 
posed to construct a canal head race, 2,100 feet in length on the Quebec side. The 
Chats falls are situated within comparatively short transmission distance of num- 
erous cities and towns, which would, no doubt, flourish if the canal were built and 
consequently, greatly increase the demand for power. 

Passing up the river twenty miles further, the Chenaux rapids are reached. The 
available power at present is, practically negligible owing to the fall being very small, 
but the canal will concentrate here a head of 35 feet and of 68,300 horse-power capa- 
city. Besides the Chenaux lift being a power directly created by the canal the 
other sites on this reach of the river will be greatly increased in value. From the 
Chats:to Pembroke there are long stretches of shallow rapids, &c., where frazil and 
anchor ice troubles would abound but which will be eliminated by the raised canal 
levels. 

At mileage ‘183’ the Ottawa river is divided into two channels by Calumet 
island. The south channel consists of a series of pitches and rapids, twelve miles in 
length. By the canal, these rapids will be concentrated into two lifts three miles 
apart, and of 35 feet each, called the Rocher Fendu No. 1 and the Rocher Fendu No. 
2 with a total of 78,000 electrical horse-power available. 

The Grand Calumet falls are situated on the north channel caused by Calumet 
island. In a distance of a mile there is a drop of 56 feet made up of a number of 
cascades of great turbulence. Taking the present extreme low water flow of 4,635 
cubic feet per second, there could be developed here, 20,100 horse-power. As the pro- 
posed canal route will most likely be through the Rocher Fendu channel, it will be 
necessary to put a dam in the Calumet channel for the proper maintenance of the 
canal levels. Properly placed, this dam, together with the other canal works could be 
utilized to develop a most valuable power site, with the following governing condi- 
tions:_—A maximum effective head of 69-5 feet and a regulated low water discharge 
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of 9,700 cubic feet per second, making an available capacity of 56,000 electrical 
horse-power. The Grand Calumet is an excellent site for a pulp and paper industry, 
as a large timber country is available through tributary streams situated short dis- 
tances further up the river. 


The next fall will be at Paquette, 209 miles from Montreal. At present there is 
a maximum available head of 16 feet, capable of developing 8,700 horse-power. Ex- 
tensive works are necessary to obtain this power which presents a great contrast with 
the power which can be obtained after canalization. By the latter, there will be con- 
centrated here a head of 20 feet, making available 24,900 electrical horse-power. 


Culbute chute is a small power situated on the north channel caused by Allu- 
mette island. 

Fifty-six miles from the Paquette lift are the Des Joachims falls, 266 miles from 
Montreal. With a head of 35 feet, the present low water capacity is 22,740 electrical 
horse-power. The available head after the canal is constructed will be 40 feet, de- 
veloping 60,400 horse-power. 

Eighteen miles further, or 284 miles from Montreal, are the Rocher Capitaine 
falls. This is another of the large powers of the Ottawa river. The present physical 
conditions are favourable to development. The river swings around a neck of land 
across which a canal head-race one and one-half miles in length could be constructed 
—thus, to utilize an effective head of 59 feet, and develop 38,400 electrical horse- 
power. The same scheme of development could be adopted after the canal is built. 
The available head would also be 59 feet but with the increased regulated low water 
flow of 16,200 cubic feet per second, a capacity of 82,000 horse-power could be obtained. 

The next fall at Deux Riviéres has a present maximum head of 15 feet, with a 
capacity of only 9,360 horse-power. This could only be developed at a large capital 
cost. The canal will concentrate here a fall of 30 feet, making 38,400 horse-power 
available. 

The last three water-powers, viz.: Des Joachims, Rocher Capitaine and Deux 
Riviéres, are situated within a stretch of 31 miles and would aggregate a total of 
180,800 electrical horse-power after the canal is constructed, as against 70,500 horse- 
power if developed fully for present low water. It is not probable that any improve- 
ment of these sites would be attempted under present conditions, as the country in 
the vicinity is sparsely settled and the land is very rough. 

From Mattawa to Lake Nipissing, the various lifts which will be created by the 
canal will not be available for power purposes as the water supply of the Summit 
will be practically required for lockages, and storage. 

The water-powers of the French river are, at present, many in number but of 
small capacity. The Big Chaudiére, Five-Mile rapids and the Dalles are the largest 
and most suitable for power purposes, especially so as the canal lifts on the French 
river will be concentrated at these three places. 

The regulated flow on the French river, after the canal is constructed, will be 
the same as the present low water flow, which is more than sufficient for canal pur- 
poses, hence storage is not required. 

An estimate of the cost of developing the Big Chaudiére is not given, as the 
data necessary was rather incomplete. 

Five Mile rapids are situated forty-five miles from North Bay; the total low 
water flow is 5,000 cubic feet per second. A total effective head of 24 feet and 10,000 
electrical horse-power is available. The capacity of this power being the same 
before and after the canal is constructed, the cost of development with the canal 
built is decreased only by the cost of the dam, which would be borne by canalization. 

The Dalles falls are situated about a mile from Georgian Bay. In order to obtain 
a head of 21 feet and utilize a low water discharge of 4,000 cubic feet per second, 


it is necessry to dam the four channels. Only 6,700 horse-power could be developed 
at Dalles falls. 
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There are many other features which are taken into account in the study and 
valuation of the water-powers, such as run-off flow at all stages, etc., etc., but these 
are given elsewhere and it is deemed unnecessary to repeat the same here. 

The list shows that upwards of 1,000,000 horse-power can be developed along the 
Ottawa and French rivers by the improved regulated conditions proposed for canal 
purposes. It is doubtful if more than 150,000 horse-power at minimum conditions 
could be developed at present. | 

It might be urged that the development of the powers could be so governed that any 
development would be along the lines shown in the Georgian Bay canal plans, even 
though the construction of the canal were indefinitely postponed. 

As previously shown, it would appear as if such a stipulation would seriously 
retard the development of the power, as the initial expenditure would be larger than 
almost any company could undertake. 

The probability is that, with the present system the powers will not be developed 
for more than 150,000 horse-power, and that the capital cost per electrical horse-power 
at the out-going terminals of the power-house would average $75 per electrical horse- 
power. 

With construction of the canal, this amount would be increased to 1,000,000 
horse-power and the capital cost per horse-power exclusive of the works, which are 
sonstructed for canal purposes, would average $48 per electrical horse-power. 

Considering the reduced price per horse-power resulting from the decreased 
capital cost and the improvement due to cheap transportation, it would appear that 
it would not be an improbable hypothesis as a basis of calculation to assume that 
the 1,000,000 theoretical horse-power would be developed in as short a time as 150,- 
000 horse-power, under present circumstances. 

Different methods might be followed in case of construction such as:— 


1. The power might be leased on the basis of the reduced capital cost per 
horse-power of the development. The proceeds to be used in paying the interest on 
the investment and reducing the tolls of the canal. An annual rental of $5 per 
horse-power would result in an eventual revenue of $5,000,000 per year. 

9. The power might be granted at nominal figures to attract manufactories from 
which the transportation of the raw material and manufactured articles would repay 
the privileges granted. 

The regulated low water, which is the minimum flow to be maintained for canal 
purposes has been taken as the average of the lowest year, viz., 1877, and the storage 
necessary to maintain this flow is figured accordingly. Hence, it is fair to assume 
that the improved water powers will be able to operate to their full capacity for 
twelve months in the year.’ 


LEASES OR SALES OF WATER POWERS ON THE OTTAWA RD By: 
THE ONTARIO AND QUEBEC GOVERNMENTS. 


An attempt has been made to collect all the information in this regard as well 
as that concerning all water lots conceded other than water-powers, sales of islands, 
reservation of beach lots, &c., and show the actual conditions in so far as affecting 
{he river, on diagram maps with explanatory notes. Unfortunately, it has yet been 
impossible to get all the information together, and it may be given under the form of 
a supplementary report, should it be decided to proceed with the canalization 
of the river. 

A brief statement, however, of the condition of the river, as regards the leases, 
options or sales of the water-powers in so far as our present information goes may 
be given. 
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The centre line or axis of the Ottawa river forms the division line between 
Ontario and Quebec from Carillon all the way up to and beyond Mattawa. 

The water-powers along that stretch are under a dual control, each province dis- 

posing of the power on its side of the line to their best respective interests, except- 
ing at the Chaudiére falls, where the power is under federal control, and which is 
the largest developed power on the river. 
The situation there is somewhat complicated. The original works did not form 
part of a comprehensive plan embracing the whole of the power available, and the 
development has taken place gradually by various interests, in a haphazard way. 
Some of the works are of poor character and allow a good deal of waste, and during 
the low water period, there is not enough flow to run at full capacity, and the scar- 
city of water is aggravated in winter-time by anchor ice. 

The different powers and their present condition at the Chaudiére may be sum- 
marized as follows:— 


ONTARIO SIDE. 


Quantity 
of Electrical 
Horse Power. 


Owner. 


Title to Property. Uses of Power. 


COUT ea GR SOUR beat te RELI AD Pe Ge Us Nain Ole ae Oa ye 1,600 nor- 


, Pumping domestic water 
mally (3,000) and fire protection. 
2,600 Power sold to Ottawa Elec- 


tric Co. 


IS ronson: deters kee nels oe 


1 

2 Riparian Crown acre...... 
3 |Ottawa Street Railway........ 
4 


Lessee Govt. Hydraulic lots 2,600 Power used to drive Street 
Q and part of R and T. y. : 
Ottawa Investment Company. .|Govt. water lots, S & part R 400 Power used to drive saw- 
works; sub-let to Ottawa 
: Street Ry. 
5 |Ottawa Power Co,............ Govt. water lots, U, V, W, 7,500 Power used in Concrete 
X, Y and Z. works. 
6 jOttawa Electric Company......|Govt. lots, K, L, M, N, O 5,000 Power used to supply elec- 
and P. tric light and power. 
Darke. DOO noes aan cee Govt. lots, H, land J..... 9 ,000 In pulp mills, 
Sad ehh. BOOtivasc fem as ase oe Govt. lots, B, C, D, E, F 7,000 Saw-mills, &e. 
and G. 
Total, Ontario, Sd@nss one ek ess eee 35, 700 


—_—_—_—_—_—_———— eee — eE—E—EeSSSSSsSsSsSFeFeSs 


9 |Ottawa and Hull Power Co....|Riparian and Quebec Govt. 7,000 ere nies and Power in 
awa an : 
CORE. BD. Eddy. cans dows oti Riparian owner........... 14,000 Pulp and paper mills. 
Bapcaity of Hull.csee we cen ee ee Brewery Creek............ 550 Pumping water and fire 
protection. 
Lotal, Quehbte silo wen cata ae sc. S50 Saree ee 21,550 
Grand total, Ontario and Quebec sides......... 57,250 


These developments have been a gradual growth from the time when all the 
powers were used for saw-mills. Large developments have been made on the old mill 
sites, and neither the head races nor the tail races are of sufficient capacity for the 
economical use of water. 

At high water and the ordinary stage of the river in summer time all the plants 
run to their fullest capacity, but at other times during periods of low flow, power 
owners, especially on the Ontario side, are forced to close down, either completely or 
partially. In fact over-development has taken place, under conditions of flow and dis- 
tribution which has been left unimproved, though attempts to do so have been made up 
to date without much success. 


The present arrangement of hydraulic lots originated in 1851, before Confeder- 
ation. 
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The existing government then caused a survey to be made of the Chaudiere and 
Victoria islands, which were situated in that part of Canada then called ‘ Upper Can- 
ada,’—which islands and surrounding property were vested in the Crown—and had 
the same subdivided into hydraulic and building lots, the hydraulic lots numbering 
twenty-five in all, and being designated respectively by the letters, B.C.D.E.F.G.H.I. 
J.K.L.M.N.O. and P, on Chaudiere island, and Q.R.S.T.U.V.W.X.Y. and Z. on Vic- 
toria island. : 

The leases which were drawn up in the subsequent years were with a view of de- 
veloping one hundred and fifty horse-power at each lot, or three thousand seven hun- 
dred and fifty effective horse-power at the twenty-five lots, equivalent to five thousand 
theoretical horse-power. 

At present at these twenty-five lots there is developed upwards of thirty thousand 
theoretical horse-power or over six times the original amount contemplated. The re- 
sult is that at low water seasons considerable shortage occurs. 

In the list of power owners given, Nos. 1 and 2 are not lessees from the govern- 
ment, but their rights are protected in the said leases, by clauses 7 and 12 which are 
respectively, 

Clause 7.—Nothing in these presents is to interfere with the right of Her 

Majesty or Her Successors, or the government of Canada, to permit the corpor- 

ation of the city of Ottawa, to take out of the said Ottawa river, as it does at the 

present time, the supply of water required for the public uses and purposes of the 
said city and the citizens thereof, and to drive and propel efficiently the motors 
and machinery required for the proper distribution and service of the said water; 
and Her Majesty or Her Successors may, from time to time hereafter, give to 
the said corporation, for the uses and purposes aforesaid, authority and permis- 

sion to extend its works, on such conditions as the minister may determine. A 

sufficient supply of water for all such uses and purposes being& likewise hereby re- 

served.’ 


Clause 12.—Tt is also provided that nothing herein contained shall be deemed 
to diminish, later, take away or affect the riparian or other rights (if any) of any 
of the said lessees as proprietors of property not covered by these presents. 


It is doubtful if the framers of the original leases ever supposed that anything 
approaching the present power development would be reached. Clause 3 relating 
to the quantity of water which the lessees are entitled to for each respective hydraulic 

lot reads as follows :— 

Clause 8.—The quantity of water which is hereby demised or intended to be 
demised to the lessees shall, subject to the conditions, provisos, reservations and 
limitations hereinafter mentioned and contained, in respect of each lot be suffi- 
cient to produce a force equal to one hundred and fifty horse-power. If, how- 
ever, that force or power is not sufficient, efficiently to drive the machinery in 
use, of any mills or factories, which at the date of these presents are erected on 
such lot or group of lots adjoining each other, then the lessee or lessees may, sub- 
ject to the said conditions, reservations, provisos and limitations hereinafter men- 
tioned and contained, take and use such additional quantity of water as shall be 
sufficient, efficiently to drive the machinery thereof, which said additional quan- 
tity of water is also hereby demised to the lessees, subject as aforesaid to the said 
conditions, provisos, reservations and limitations hereinafter mentioned. And 
provided further, that if at any time, hereafter other and more extensive mills or 
factories of the same or of any different description, or for the same or any dif- 
ferent purpose or purposes, be erected upon any one of the said lots or any one 
or more of a group thereof adjoining each other, or any additions or extensions 
upon any lot of a group of Jots adjoining each other be added or made to the mills 
or factories now existing, then the lessee or lessees requiring a further additional 


302 DEPARTMENT OF PUBLIO WORKS 
} 8-9 EDWARD VII., A. 1909 


force of water efficiently to drive the machinery of such other additional or en- 
larged mills or factories may, subject to the conditions, provisos, limitations and 
reservations above referred to, take and use such additional quantity of water as 
may be necessary, efficiently to drive such machinery, which said additional quan- 
tity of water is hereby demised to the lessees, subject as aforesaid to the said con- 
ditions, provisos, limitations and reservations.’ ‘ 


It is apparent that although this clause provides for an extension of power in 
case 150 horse-power was unsufficient, that no such development as exists to-day was 
then contemplated by the lessor. 

The original plan and all improvements since appear to have been designed with 
a view of automatically giving to each lot its proper proportion without the inter- 
vention of any one, but unfortunately such an ideal condition is practically impos- 
sible, and as a result in times of shortage certain powers whose natural position 
allow them are able to obtain more than their proper share. Many improvements 
have been initiated to relieve this, but none of them entirely successful. 

Clause 8 of the leases was inserted to provide for such condition, when the Min- 
ister of Public Works has the power, when appealed to by any one of the lessees, to 
apportion the available water in equal proportion to each power owner according to 
the number of hydraulic lots leased to him. This clause readg as follows:— 

‘Tt is hereby agreed and declared by all the parties to these presents that, 
interse, all of the said hydraulic lots shall stand on an equal footing, and that each 
lot shall be entitled to an equal proportion of water, and it is therefore agreed 
and understood that in case of there being at any time or-times a shortage or 
unsufficiency of water available efficiently to drive the machinery of any mills 
or factories which now are, or from time to time may hereafter be, erected on 
the said lots respectively, then the minister, when and so often as such shortage 
may happen, at the request in writing of any lessee affected by such shortage, 
may inquire into such alleged shortage, and if in his judgment the same be 
established, he may, if he sees fit, apportion to each lot as nearly as possible a 
one-twenty-fifth part of the available water or power which the lessee or lessees 
are entitled to under and by virtue of these presents, subject to the reservations, 
conditions, provisos and limitations herein contained, so that no lessee or lessees 
of any one lot shall have any undue advantage over another.’ 

The owners or power users at the Chaudiére may be divided into three classes :-— 

1st. Those who are supplying the necessities of life and protection to property, 
such as the city of Ottawa and the city of Hull, which are dependent on the Chau- 
diére power for water supply for domestic purposes and for fire protection. 

Qnd. Those who are supplying such necessities as electric light and electric power 
for the street cars. To this class would belong the Ottawa Electric Company, Bron- 
son riprarian property, the Ottawa and Hull Power Company and the Street Rail- 
way Company. 

83rd. Those using power in the manufacture of merchandise. 

For the first two classes a shortage of water becomes a serious matter, and such 
shortages are likely to be felt more in the future, as the population increases and 
the different services have to be extended, if the present condition of the powers is 
not improved. 

In 1904 and 1905 the Department of Public Works carried on an investigation 
to ascertain the condition of the powers at the Chaudiére. 

As the amount of water required and consumed varies from day to day and year 
to year, it is extremely difficult to describe conditions completely, but in March, 
ee the following conditions prevailed, as reported upon by Mr. Alexander Mc- 

ougall. 
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The total flow of the river was nly 11,500 cubic feet per second. Of this, 500 
cubic feet went to the Ottawa Water Works, 2,000 cubic feet to the Ontario power 
owners, 5,000 cubic feet to the Quebec Power owners and 4,000 cubic feet over the 
falls, wasting through the dam. 

As the Ontario power owners normally require about 10,000 cubic feet per second 
it is seen that during that month they only obtained a little over 20 per cent of their 
requirement, and 80 per cent of their development was obliged to close down. The 
plants also at that time had the added disadvantages of anchor ice and low head. 

In March, 1905, nearly all of the power owners on the Ontario side were forced 
to close down either completely or partially. The conditions were: The Ottawa Water 
Works were able to give a supply of water but their fire protection was poor, and at 
the time of an inspection by: the fire underwriters it is said that the plant worked 
very poorly. The city have been trying to improve this condition by the building of a 
new tail race which will give them an increased head. 

The Ottawa Street railway hydraulic development was closed down, running their 
steam plant. The Bronson riparian property was closed down, as well as the Ottawa 
Power Company. The Booth Pulp Mill closed down at 5 o’clock in the evening and 
started to run at 12 o’clock midnight. 

The Ottawa Electric Company started at 5 o’clock and ran until 12 o’clock mid- 
night. Both of these last mentioned plants were only able to run partially. The 
Ottawa Street Railway operated a steam plant, storage batteries, got some power 
from the Electric Light Company but gave a relatively inferior service. The E. B. 
Eddy Company on the Quebec side is reported not to have suffered greatly, and the 
Ottawa and Hull Power Company had at that time only installed about one-half 
of their plant. 

These facts are enough to show the helpless condition of the powers at the 
Chaudiére in time of shortage, and show the great necessity of applying a remedy 
without more delay. The fact that not only industrial firms may suffer, but that water 
supply and fire protection may be involved, should be a matter of great concern to the 
government and all other interested parties. 

I understand that after practically several years of negotiations between the 
power owners, a decision has been reached to build a new dam which will somewhat 
improve conditions. But in times of extreme low water, difficulties will continue to 
exist unless some system of storage is established at the head-waters of the Ottawa river, 
restraining the flood waters, and releasing them gradually, thus increasing the average 
low water. 

In 1904, Mr. George P. Brophy, Superintending Engineer, Ottawa River Works, 
was charged by the Department of Public Works to carry on an investigation with 
this end in view, and as his report—though made in connection only with the improve- 
ment of conditions for the industries depending on water powers—is intimately con- 
nected with the question of the storage problem in relation to the navigation scheme, 
the part referring to storage will be given here in extenso, as the information it con- 
tains is of great value. 

‘I have prepared, and transmit herewith, in addition to other maps, plans, 
profiles, ete., a key-map showing the location of the proposed reserves of water, 
as well as the location of the several reserve dams necessary to retain the water 
until needed for use during the seasons of low water in the fall and winter 
months. 

The general instructions given to the engineers in charge of parties, were: 
to make an exploratory examination and survey of the rivers and lakes within 
each district; to keep an official diary of each day’s proceedings; to take levels 
where necessary and to establish proper bench-marks at suitable points; to take 
the velocity of rivers and streams and to estimate the discharge of same; to get 
the areas of proposed reserves of water; to record daily at 8a.m., 12 noon, and 6 
p.m., readings of the barometer and thermometer during the whole period of the 
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work; to note particularly the points or sites where dams for preserving andi con- 
trolling the water could most economically and advantageously be established; to 
note the kinds of timber and other material suitable for construction purposes, 
convenient or adjacent to the sites of the proposed dams; to measure the dis- 
tances traversed; to secure the necessary data from which to estimate the cost of 
diverting the waters of lakes or rivers where necessary or advisable; to note par- 
ticularly the damages which would or might result from ‘flooding’ by the con- 
struction of the improvements necessary in carrying out a successful system of 
water storage. 

Owing to the late date at which work was commenced, and the early closing 
by frost of the lakes and streams in that northern district and the fact that a 
great portion of the country examined is practically unexplored territory the 
parties did not entirely cover the ground which it was intended they should, but 
notwithstanding these drawbacks, satisfactory work was done by each of the par- 
ties, and sufficient data has been obtained to establish the fact that, for a very 
reasonable outlay commensurate with the great benefits to be derived therefrom, 
a successful system of water storage can be established and maintained on the 
Ottawa river which will prove of very great advantage to navigation as well as of 
incalculable benefit to the lessees and users of water-power on the Ottawa river, 
from the city of Montreal westwards. 

As will be seen by referring to the key-map before alluded to, a very large and 
important portion of the water-shed of the Upper Ottawa district has not been 
examined or surveyed. I-allude to that portion of the country shown on the map 
as ‘Grand Lake Victoria District’ embracing what is known as ‘Grand Lake 
Victoria’? with its subsidiary lakes and streams. Through information obtained 
from lumbermen and their agents and explorers, and from the reports of sur- 
veyors employed by the Quebec government to define limit lines, &c., in that dis- 
trict, I have learned that Grand Lake Victoria discharges its) waters into both 
the Ottawa and Gatineau rivers, the larger discharge being into the Ottawa. 
Until an examination and survey of the waters embraced in this district has been 
made, it is of course impossible to form an accurate estimate of the cost of re- 
serve dams, &c., there, but judging from the information so acquired, and cal- 
culating, from maps supplied by the Crown Lands Department at Quebec—the 
area of water that can be reserved, I consider it very important that a party be 
sent there for the purpose of obtaining the necessary information so as to secure 
a reliable report on the feasibility and cost of constructing the works necessary 
to hold in reserve a portion of the water supplied to Grand Lake Victoria from 
the large water-shed to which it serves as a reservoir. While, as stated, not 
having the detailed information necessary, I have given an approximate estimate 
based on the information at hand, of the quantity of water which can be reserved 
there, and the probable cost of reserving it. 

Another feature, and a very important one, to which I would particularly 
call attention, is the reservation of water in Lake Askikwaj, lying north of the 
Height-of-Land—whose waters discharge northward into Hudson Bay. As may 
be seen by referring to the key-map, the reservation of this large body of water 
would be a very important feature of the whole scheme, as may be judged when 
it is considered that the area of this reserve would be 84 square miles with a 
depth of 10 feet, besides which the ordinary flow of the River Askikwaj now pass- 
ing into Hudson Bay, or the greater portion of it—would be permanently divert- 
ed into the Ottawa river by cutting a channel through the Height-of-Land at the 
point indicated by dam No. 7A. The construction of the two dams, No. 7A and 
No. 7B, would form part of this scheme, I may say in this connection that the 
work contemplated under this paragraph is a most important one and would 
greatly benefit the holders of timber limits in that district, by increasing the flow 
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of water from the Turn Back lake into the Kinejiskasatic river and thence into 
the Ottawa river, apart from the great benefit that would be derived by users of 
water for power purposes and for navigation on the lower reaches of the Ottawa 
river. 

The difficulties encountered in the past ten or twelve years, especially by the 
government lessees as well as by other users of water-power at the Chaudiere 
falls at Ottawa, during the fall and winter months, caused by scarcity of water, 
have been very great. In former years and especially before the advent of elec- 
tricity as a motive power and for lighting purposes, by far the greater portion of 
the water used was utilized by the parties mentioned in connection with their 
saw-mills and factories for the manufacture of lumber, &c., and as the logs and 
timber were floated to the mills and held in booms until sawn, these mills had 
of necessity to close down about the end of November in each year and remain 
until the month of April following, when the ice hadi left the river. 

At the present time only two saw-mills are in operation, those of Mr. J. R. 
Booth, in Ottawa city, and a small mill owned by Mr. E. B. Eddy, in the city of 
Hull, where formerly large mills were operated by the former gentlemen and by 
Messrs. Perley & Pattie, Bronson & Company, Levi Young and A. H. Baldwin, in 
Ottawa city, and by Messrs. E. B. Eddy & Company, and Buell, Orr, Hurdman & 
Company, in the city of Hull. 

All the power formerly used by these firms, with the exceptions mentioned, 
is now utilized in the development of electricity, for lighting, power and manufac- 
turing purposes and as the quantity required for the first-mentioned purpose is 
much greater during the fall and winter months when the supply of water is at 
a minimum, than in spring and summer when the supply is ample, the benefit of 
any addition to the supply during these months is proportionately greater. 

I may here mention the fact that in order to permit of the proper lighting of 
the city of Ottawa during the fall and winter months, the other users of water 
leased from the government, have had at times to fully close down their water 
gates and at other times to lessen the quantity of water used by them fully one- 
half, so as to enable the Ottawa Electric Company to supply requirements in that 
respect. : 

Taking the period of low water as extending from November 1 to March 10, 
or say 130 days, and the discharge of water at the Chaudiere falls to average 
15,000 cubic feet per second over the period, the utilization of this reserve water 
should the scheme be carried out in its entirety, will increase that discharge by 
at least 60 per cent making ample allowance for evaporation and absorption which 
is less during the time stated than in the spring and summer months. 

Attached hereto is a statement in detail showing the name of each ‘ Reserve,’ 
its cost and the quantity of water in cubic feet which it will conserve. In esti- 
mating the cost of the reserve dams, I have assumed that the design to be adopted 
will be similar to those heretofore constructed on the Ottawa river and its tribu- 
tary streams for a similar purpose. 

In addition to the estimate cost as given, should be added the expenditure 
necessary to provide telegraphic communication between the several stations, I 
will submit, as soon as possible an estimate covering this service, as well as the 
cost of small station-houses for the employees who take charge of the works and 
their probable number and salaries, etc. 

In conclusion I might mention the fact that nowhere on this continent that 
I am aware of can the same amount of expenditure for a like purpose insure as 
valuable results, and I cannot too strougly recommend the project to the considera- 
tion of the Honourable the Minister, and should he decide to go on with the works, 
TI beg permission to suggest and recommend that the dams at Temiscamiuig 
(No. 1), Quinze lake (No. 4), and Barriere river (No. 5), be proceeded with as 
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soon as possible so as to give relief in some measure to the existing and ever 
increasing difficulties experienced by the lessees of government water lots, and 
others at the Chaudiére falls and elsewhere on the Ottawa river. 


Reserve Dam No. 1—At foot of Lake Temiscaming. 


This dam will be located at the foot of Lake Temiscaming, a distance of 
about 240 miles from the City of Ottawa. The most favourable site for a reserve 
dam is at the head of an island situated immediately at the foot of this lake; the 
island divides the waters of the Ottawa river into two channels, known as the 
East and West channels. 

The East channel is that through which the greater portion of the water dis- 
charges and in consequence, this portion of the dam will be the more difficult and 
costly although not much longer than that required for the West channel. 

The total length of dam from the shore on the Ontario side of the river to 
that on the Quebec side and across a portion of the island mentioned, will be about 
1,100 feet, and the cost will be approximately $70 per lineal foot or say $77,000.00. 

This dam will be designed to retain a reserve of water of 125 square miles in 


area and 8 feet in depth. 


The level at which it is intended to hold this water is 5 feet 9 inches below 
the extreme high water level in this lake, and as ample provision will be made for 
the free discharge of the surplus water during the season of extreme high water, 
no land damages will result by holding the water for a longer period than usual 
on the portions of land now flooded during the time of high water. 

(Reserve capacity 27,878,400,000 cubic feet of water.) 


Reserve Dam No. 2—At head of Gordon Creek. 


There is at present a dam at the head of Gordon creek, which was built, 
owned and controlled by the late Alex. Lumsden, lumber merchant, who also 
erected saw-mills on the creek. The mills are still in operation and the whole 
property is still in the estate of the deceased owner. 

The greater portion of all logs and other products of the limits in the Kippewa 
district, are towed to the head of Gordon creek and floated down same, a distance 
of 8 miles, into the Ottawa river which it enters immediately below the site of 
proposed reserve dam No. 1, at the foot of Lake Temiscaming. 

The proposed dam (No. 2) would be located at or immediately below the 
present dam and would be 240 feet in length which, at a cost of $22 per foot 
would require an expenditure of $5,280. - 


Reserve Dam No. 8—At foot of Kippewa Lake and head of Kippewa River. 


This dam will be located immediately below the site of the present dam, 
(which is owned and controlled by the estate of the late Alex. Lumsden) where 
the waters of Kippewa lake flow into the Kippewa river and thence into Temis- 
caming lake, 28 miles from its lower end. 

The dam required here will be about 200 feet in length, and will cost about 
$22 per lineal foot or $4,400 in all. 

The reserve of water controlled by dams Nos. 2 and 8 above mentioned will 
cover an area of 110 square miles and will have a depth of 6 feet. 

(Reserve capacity 18,399,744,000 cubic feet of water.) 


Reserve Dam No. 4—At foot of Quinze Lake. 


This dam will be located at the foot of Quinze lake and about 18 miles distant 
from the head of Lake Temiscaming. It was found that the most suitable site 
for a dam to retain and control the waters of this lake as well as the waters of 
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Lake Expanse, is near the head of two large islands situated at the outlet of 
Quinze lake where the water enters into the Quinze rapids, thus necessitating the 
closing of the three channels formed by these islands and the main shores on 
either side; the main or centre channel will require a dam 2,100 feet in length, 
the North channel, a dam 250 feet in length, and the South channel, a dam 600 
feet in length, making in all 2,950 feet of dam, which, at $20 per running foot 
would necessitate an expenditure of say $59,000. The area of water that would be 
controlled by this dam is 96 square miles and from information so far obtained, 
a reserve of this area with a depth of not less than 5 feet would cause but little 
damage, which damage is estimated at this point, say $62,000. . 
(Reserve capacity, 13,381,632,000 cubic feet of water.) 


Reserve Dam No. 5, on Barriere River. 
(Within the limits of timber berth No. 3, range 2. ) 


The next site at which a reserve dam can be constructed with advantage, 
is at a point on the Barriere river, near the foot of Abikoba lake, distant about 
16 miles from the last mentioned dam (No. 4). 

A retaining dam at this point would hold in reserve 35 square miles of 
water, with a depth of 10 feet. 

The dam would be 680 feet in length and would cost $22 per lineal foot, 
or say $15,000. The damages resulting from flooding timber lands would not 
exceed $3,000, making the total outlay for this station say $18,000. 

(Reserve capacity, 9,757,440,000 cubic feet of water.) 


Reserve Dam No. 6, on Ottawa River. 
(Within the limits of timber berth No. 8, range 3.) 


This dam would be located on the main Ottawa river, about six miles above 
its entrance into Lake Expanse and will be distant about 40 miles from dam No. 
4 at the foot of Quinze lake. It will be about 850 feet in length and will. cost 
$28 per lineal foot, or say $24,000. It will hold in reserve 25 square miles of 
water, 10 feet deep. It is estimated that the damage to small timber, &c., would 
not exceed $3,000, or say a total expenditure of $27,000 at this point. 

(Reserve capactiy, 6,969,600,000 cubic feet of water.) 


Reserve Dam No. 7, below Turn-back Lake. 


This dam. will be located on the Keewagama river or outlet of Turn-back 
lake, and will be distant from dam No. 6, last-mentioned, about 100 miles by 
water. It will retain in reserve about 48 square miles of water, with a depth of 
10 feet. The dam will be about 275 feet in length and will cost about $30 per 
foot, or $8,250, in addition to which upwards of 3,500 cubic yards of rock will 
have to be removed, at a cost of say $2.50 per cubic yard, or say $8,750, to which 
may be added as damage for flooded timber, say $2,500, making the total outlay 
at this point $20,000. 

(Reserve capacity, 13,381,632,000 cubic feet of water.) 


Channel and Reserve Dams Nos. 7A and ” B—Askikwaj Lake. 


By cutting through the summit level on the ‘Height-of-Land, the waters 
ot ‘ Askikwaj,’ ‘ Kia-na-uti-sik,’ ‘Wiquas-ko-paug,’ ‘Long Lake,” &¢, that now 
discharge into Hudson Bay, can be diverted into Turn-Back lake, and thence 
into the Ottawa river. 
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‘The excavation will be through clay, will be one mile in length, and will 
necessitate the removal of about 200,000 cubic yards of material, the cost of 
which should not exceed 20 cents per cubic yard, or $40,000. 

‘ A retaining dam (No. 7 A) will be required to control the outlet into Turn- 
Back lake; this dam would be 650 feet in length and would cost $30 per foot 
or say $19,500. 

Another retaining dam (No. 7B) would be required for the same purpose, 
at the outlet of Askikwaj lake, 675 feet long, and the cost would be $25 per foot, 
or say $16,875, thus making the total outlay $76,375 for the work necessary to 
form and control this important reserve of water. 

The area of water that could be reserved by the carrying out of this scheme 
would be 84 square miles, with a depth of 10 feet, besides which important 
reserve, the continuous flow of water from Turn-Back lake into the Ottawa 
river would be more than doubled. 

(Reserve capactiy 23,603,712,000 cubic feet of water.) 


Retaining Dams, &c., Grand Lake Victoria. 


For reasons mentioned in paragraph 3—the engineer in charge of party No. 3 
did not succeed in reaching Grand Lake Victoria, but from information acquired, 
as stated therein, I am of the opinion that: the works necessary to secure a reserve 
of water in that lake will not exceed $75,000, and as the area of said reserve would 
not be less than 150 square miles, with a depth of eight feet, the cost would not, 
in my opinion, be excessive when the immense benefits that would be derived from 
the use of so large a reserve of water are considered. 
(Reserve capacity 33,454,080,000 cubic feet of water.)” 


SUMMARY OF COST, &c. 


Estimated Capacity in 
Name of Reserve. 
Cost. Cubic Feet, 
$ cts. 
emiscaming lake: DantNo, Vee meer uk cic satan ows rach oe ome cee a eee 77,000 00 27 ,878, 400,000 
Kippewa lake, Dams Noss 2ands. cts core re ee ec aes 9,680 00 18,399 ,744,000 
Quinze lake, Dani gNowasnct yates, since aN Ree ee Sel. Beaten 59,000 00 13 381,632,000 
Barriere river, Dam Noise reid tence eae Meee RTO ny ee ene 18,000 00 9,757,440,000 
Kinejiskasatic, DAMON OSG jie er eee oe CM ES hte eee 27,000 00 6,969, 600,000 
Turn Back lake, Da INO UZ soa ngeck 6 Reece RCAC Pier ei, OR: weer aE 20,000 00 13,381,632 ,000 
Askikwaj lake, DamissNos A7Atandh7.p on ae eens e ee in ee 76,375 00 23 ,603 ,712,000 
Grand Lake Victoria (roughly approximate).............. 00 cc eee cece eececes 75,000 00 33,454, 080,000 
362,055 00 | 146,828,240,000 
Add: 10)per:cent for ‘contingencies.: 5.20) fide oo ccslswcn's tae 8 _ 36,205 50 
Total-estimaterot Cost 455 ,5.5, ha ean ar eon aioe ae Ri are 398,260 50 


These storage dams as proposed by Mr. Brophy would not only be of great bene- 
fit to the Chaudiére plants but would also greatly enhance the value of the unde- 
veloped water powers along the Ottawa river. In the Chaudiére case, at the present 
time, there is about 57,350 horse-power developed, requiring 18,000 cubic feet of water 
per second, but the present power houses have been designed for larger developments, 
and when the Ottawa and Hull Power Company put in their other wheels there will 
be nearly 67,000 theoretical horse-power development, requiring 21,000 cubic feet per 
second. It is calculated that the proposed dam to be built by the power users, aided 
by the storage system described by Mr. Brophy in such years as 1903-4 will give a 
mininum flow of 19,400 cubic feet per second. This will not quite supply the demands 
during the low period, but remembering that in 1903-4 the power users received only 
7,500 cubic feet per second during the lowest water, and taking into account also the 
state of over-development which exists, it will be seen that the proposed improve- 
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ments if carried out, will largely increase the present power, though it will not permit 
of any extensions of the present development. 

It must not be forgotten, however, that any project to improve the conditions 
of a river for industrial purposes, must take into account the question of navigation, 
if there is a possibility of the waterway being developed in the future for transporta- 
tion purposes. It is of the greatest importance to the country that navigation interests 
be safeguarded on all streams, which may ultimately form part of a cheap transporta- 
tion system. 

The Ottawa river, particularly, should be carefully guarded in this respect. 
Opinions may differ as to the advisability of canalizing the river and incurring heavy 
expenditure at the present time, but its possibilities as a future national transporta 
tion route and highway of commerce, cannot be disputed. No more obstacles than 
already exist, should be placed in the way, and future navigation interests must take 
precedence, and govern the general lines of every new undertaking and agreement 
made as to the rights and privileges granted. Fortunately in the particular case of 
the Chaudiére, the new proposed industrial dam will not interfere in any, way with 
the adopted navigation scheme, as the canal leaves the bed of the river some distance 
above the falls, and passes back to the City of Hull, where suitable locations for the 
two locks required to overcome the difference in level are found. By doing this the 
nest of industrial estabiishments at the Chaudiére is not disturbed in the least by 
the proposed navigation and many difficulties are avoided. 

If the power dam is built in the location intended, no doubt it will be possible to 
approve of it, as the navigation dam is placed some distance above, where splendid 
power will also be created. As to the creation of storage reservoirs to improve the 
powers during periods of low water, the project may also be approved, as it is inti- 
mately connected with the requirements of the navigation system under study, as 
shown in other parts of this report. 

But, should the canal be built, any storage system must be controlled, first in the 
interests of navigation. It should be undertaken as a government work, controlled 
entirely by the government, and developed gradually in the best interests of both 
navigation and industry. - 

I, therefore, earnestly recommend again, that all designs for the improvement 
of the Chaudiére, as well as all requests for the granting of privileges at any place 
on the streams proposed to be utilized for the deep waterway, be submitted and 
receive the approval of a commission of engineers within the department, composed 
of the district engineers and the engineer in charge connected with the canal survey, 
before any building or any grant is sanctioned by the government, and in no agree- 
ment should it be obligatory on the government to give any portion of the water 
available to the mill owners except after the purposes of navigation have been sup- 
plied. 

Rather extended details have been given in regard to the conditions of the Ottawa 
river at the Chaudiere, on account of its great importance as an industrial centre 
depending on the flow of the river. 

Elsewhere, the river may be said to be relatively free for navigation purposes, 
though a great number of water lots for power and other purposes have been granted 
by both the Ontario and Quebec governments. 

In case of the construction of the canal it will be necessary to have full infor- 
mation as to these grants. Preliminary steps have been taken to collect all the 
information available, and show on a special map all the land reserves made by the 
provincial governments along the Ottawa river, all the water lots and water power pri- 
vileges granted, all islands sold, &c. The difficulty of getting this information to- 
gether in a complete and comprehensive form is very great, and it will form part of 
a supplementary report. I may here, however, mention a few of the most important 
grants made in relation to proposed water-power developments. 

Hawkesbury west.—By Ontario government. A water lot containing eighteen 
and a half acres at the head of the islands in the Long Sault rapids on the River 
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Ottawa, immediately in front of lots 11 and 12 in the 1st concession of West Hawkes- 
bury; granted to Robert Hamilton, of Quebec, and Hon. J ohn Hamilton of Hawkes- 
bury Mills. 

Grant dated December 15, 1865; Ref. No. 28140; sale No. 28499. 

By Crown leases Nos. 1735 aa 1736, four water lots containing in all about 71 
acres were leased by the Ontario government to the Metropolitan Electrical Company 
of Ottawa, situated in front of parts of lots 20, 21 and 22 in the 1st con., Ottawa 
front, of the township of Nepean, in the county of Carleton and province of ‘Gaile. 
This was leased with privilege of renewal subject to provisions of the Act 61 Vic. 
Cap. 8, and also subject to conditions as to development of water-power, and to rights 
of Donian government to control navigation on the Ottawa river. 

In January, 1905, the Ontario government granted to J oseph Kilgour, et la. part 
of lot 14 (85 acres and of lot 15, con. A. township of Clara, together with 
water-power at Deux Riviéres rapids. This was leased for ten years at fixed rental 
subject to conditions under water-power regulations, timber and minerals reserved. 

Some land and water-power at Chaudiere rapids on the French river were leased 
in 1904 to certain parties, subject to certain conditions, but this lease was cancelled 
by Ontario government Order in Council, December 14, 1906. 

The Quebee government have conceded several land and water lots in the Chats 
Rapids district for power and other purposes, and also at different other places on the 
Quebec side of the river. It would be too long to enumerate these here. Several ap- 
plications have been made for the powers at Des Joachims, Rocher Capitaine, and 
cther places which have not yet been granted. 

In all the waters utilized for the proposed waterway, it has been ascertained that 
a large number of islands which exist have been disposed of by the two governments. 
In some cases, sales or leases have been made subject to the rights of the Dominion 
government to overflow these lands for navigation purposes. In some other cases this 
stipulation is not mentioned. 

Under the project submitted, a great number of these islands are necessarily 
flooded, and there will be numerous claims in this connection as well as for water- 
power privileges destroyed. It has bcen found a difficult matter to arrive at a correct 
estimate of the damage in relation to this, but the amounts included in the estimated 
cost make ample provision, I believe, for possible fair and just elaims. 

Norte.—Since the foregoing was written the construction of a new power dam at 
the Chaudiére falls has been commenced, and tenders have been called for the con- 
struction of reserve dam No. 1 mentioned 1 in Mr. Brophy’s report, at the foot of Lake 
Temiscaming. 


LUMBER INTERESTS AND FLOATING OF LOGS. 


On the rivers utilized for the proposed waterway—the French, the Mattawa and 
the Ottawa—lumbering operations are carried out on a large scale. The Ottawa is 
the great lumbering river of the region and logs are floated down from the upper 
reaches and tributaries in very large quantities. The canalization of these rivers 
for through transportation from the Great Lakes to the Ocean will necessitate a change 
in the present methods of handling the logs, and a shifting of base in manufac- 
turing the output into lumber. The cutting of timber will also have to be regulated 
by some understanding between the federal and provincial governments interested, 
asthe conservation of forests at the sources of the streams is a. vital question related 
to storage of waters and mitigation of floods, for navigation purposes, and also for 
the prevention of extreme low flow at certain periods of the year affecting so many 
lumber and water power interests. ‘ 

In the early days of the lumbering business, before railway facilities were avail- 
able, Ottawa, then called. Bytown, became the principal point on the Ottawa river for 
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the manufacture of sawn lumber, owing to its favourable position in respect to 
transportation facilities, being at the head of the navigation afforded by the construc- 
tion of the small Grenville and Carillon canals and the Lachine canal between Mon- 
treal and Ottawa, and thus giving easy access to an ocean port. : 

As population and railway facilities increased, local as well as new foreign mar- 
kets became available, and the conditions of manufacture changed gradually. Large 
mills were built and industries established at the mouths of the principal tributaries 
of the Ottawa, notably at Arnprior, Braeside and Pembroke, above Ottawa 
and at Rockland, Hawkesbury and Calumet below the city, where modern transporta 
tion facilities were available. 

Notwithstanding these changed conditions, the territory tributary to the Upper 
Ottawa, from which logs are taken, still lacks the means for reaching the markets. 
Therefore, all logs have to be floated down in big drives, caught at certain points 
by booms, assorted and towed to the various mills located at the points mentioned. 

The expenses incurred in. getting the logs to the different mills are necessarily 
very great, apart from the losses incurred by the thousands of logs which strand or 
are piled high up on rocks in rapids, &e., during the drives. For the amount of 
lumber interests depending on the Ottawa river, very few improvements have been 
made by the lumbermen to facilitate their business. As the timber gets 
searcer and further away from the centres of manufacture, greater care will have 
to be exercised in logging and the streams will have to be improved in order to 
decrease the losses and maintain fair profits. 

Ag it is necessary now for some of the lumbermen to carry two years’ cut of logs 
ahead, in order to be sure to have sufficient logs to keep the mills supplied, this 
requires a very large outlay. A conservative estimate of the investment would pro- 
bably mean not less than $10,000,000 annually. 

The towing on the river is done by the Ottawa Improvement Company, which 
owns all the steamers, tugs and booms, and handles annually between three and four 
hundred million feet of logs, pulpwood, cedar, &c., from which they derive a rela- 
tively large revenue. It is understood, however, that the company is a combination 
of the lumber interests, and the revenue must simply approximate the cost of the 
service. 

Tt is stated that prior to 1885 very few logs were brought down that would not 
average 100 to 150 feet of sawn lumber. lo-day the average output of a log approxi- 
mates only 50 feet. 

In addition to the logs there are large quantities of small spruce for pulpwood, 
cedar, etc., brought down which add to the superficial area of the tows and: to the 
difficulties of handling. On the lower Ottawa there is handled annually about 
100,000,000 feet, including pulpwood. 

Since 1894 the output of the mills have not varied to any extent as will be seen, 
the annual production being as follows :— 


Feet B.M. 
5 NL: i oe a Ra RSET Ac bd Oe near tara (ete hs Ce ee Re 538,000,000 
ey Mtr ai letah ale tee te welt ate totse Samaneaee sat). Wess 627,000,000 
POC Ge POUL We EMER SOP INT ORNS UPAR Oe ee cee 614,000,000 
AGRO eae Oh ir ge, nial gd» pa seh Se dn al DU cert aa ae PRs Sale) Ace 728,000,000 
MORI a Re Sea TANTS? SEM eeb Siett aca eatmmeannes od ol ent oer 8 633,000,000 
MESES Rae ats tie tera trey wen Fey, enon Stem obetn ate eee. Sabin mane 532,000,000 
OR ede. She AIRING E EPL W ORT he ake fovat  ormene ames ere tal US Te te 538,000,000 
SGC EE ty AE PAPAS EAC gk abte tat tah shot was Sten ers. ete Cokes 611,000,000 
BAR) Ore erence tie Ate acl Weiser ayia, eam hha ee MAO Bot Reh er a ot fa ® 614,000,000 
POO ue Res LS, PEST adn EES. PhS UT GO Ptehe we oP taller iar 557,000,000 
FSA see repre apa es gd EVIE ieee tah eokinte INE re RIAN = 565,000,000 
AAO REAL MAW Cntint neato Jecetine wip GH Tans IAS. 539,000,000 


AN ee ts ee eMC On er aia erates alecneleenere ewig tise) 6 Ne? 475,000,000 
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As already stated the construction of the Georgian Bay Ship canal will con- 
siderably affect the present methods of handling the lumber industry. The logs can- 
not be permitted to float down loose for that part of the river which will be utilized 
for the waterway. Either the logs must be rafted above Mattawa, or at the mouth 
of the tributaries and taken down through the locks to their destination, or the mills 
must discontinue to manufacture at the different centres under present conditions, 
and move their mills to the mouths of the various tributaries. 


During the first years of the operation of the canal, assuming that its traffic 
will develop gradually, the passage of rafts through the locks will be possible only 
until such time as the freight tonnage will have so increased that the rapid lockages 
of vessels would be interfered with and delayed by using the locks to pass the logs. 

Then the establishment of the mills at the head of the Ottawa river section of 
the canal and at the mouth of the tributaries would be a necessity. 


This, of course, would mean a decentralization of the lumber interests as they 
now exist, and, no doubt, the direct and actual cost of manufacture would be some- 
what increased, as mills would probably have to be maintained on the various tribu- 
taries, adding to the staff of management. 

On the other hand there would be considerable saving in time in the sawing of 
the logs of at least a year’s outlay. An increased market would be created for the 
output and refuse of the mills, and facilities afforded for operations as near as 
possible to the base of supply. The present cost of towing and sorting would place 
the lumber alongside vessel or car as the case may be, without such a large percent- 
age of loss in transit, as now exists under present conditions. It is believed that the 
proposed navigation would be ultimately a saving to the lumber interests. 

Large areas of hardwood which have been left standing and which are practically 
valueless now owing to lack of transportation facilities, would be opened up. Cord- 
wood, bark, etc., would be a much more valuable commodity owing to the cheapness 
of transport afforded. 

It is fair to assume, that whilst the development of the waterway would mean 
the disappearance of the loose logs and tows, on the Ottawa river, it will prove of 
undoubted value to the limit owners and manufacturers of lumber generally. 

It will mean, better facilities for handling the logs in the upper reaches of the 
river on account of the improved storage and control of flood waters in relation to 
the canal scheme, less losses in transit, quicker and cheaper transportation, extended 
markets, ete. 

The question, however, of regulating severely the cutting of the timber in the up- 
lands as mentioned at the beginning of this article, must not be lost sight of. 

A. more systematic exploration and protection of the forests than has been the 
case generally, must be arranged between all the interested parties. 

The best of storage systems with a view of abating the floods andi preventing 
extreme low discharges, in aid of navigation and industries, can only be partially 
successful if not worked in conjunction with the forests. 

All the studies made by the best of authorities point out that forests at the 
sources of the streams are veritable storage reservoirs, and without them no artificial . 
remedy can be either adequate or permanent. 

In a denuded forest, water drains much more quickly to the natural basins, car- 
rying much more sediment than if flowing slowly under forest cover. Erosion takes 
place and decreases the utility of reservoirs by sedimentation, and this must be pre- 
vented if reservoirs are to be of permanent benefit. This can be done only by con- 
serving the forests or by reforestration. 

The importance of this is shown further in the report regarding the possibility 
of control of the flood waters of the Ottawa river by storage reservoirs. 

Reverting to the question of logs, the same conditions will prevail on the Mat- 
tawa and French rivers. 
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On the Mattawa it is possible that very little timber will be left to cut by the 
time the canal can be completed. On the French all logs and timber are floated and 
towed to the mouth, then to be sawn into lumber or towed to other mills on Georgian, 
Bay or across Lake Huron to Michigan. Charges for towing there, seem to be greatly 
ir excess of those that prevail on the Ottawa. 

Other conditions, however, to a large extent are somewhat similar. 

Therefore, it may be said, that the construction of the waterway on these rivers, 
would present equally as favourable conditions to the lumber. interests as on the 
Ottawa, with the addition that a large number of logs that are now towed across Lake 
Huron to Michigan would be manufactured into lumber in Canadian territory. 


DISTANCES. 


Taking Port Arthur or Fort William as a starting point, the distance to Montreal 
via the proposed waterway is 934 miles; via Lake Erie and the Welland canal, 1,216 
miles; via Buffalo and Erie canal to New York, 1,358 miles; giving a difference in 
favour of the projected route of 282 miles as compared with the existing St. Lawrence 
route, and of 424 miles as compared with the Buffalo-New York route. 

Comparing the distance from Fort William to Liverpool via Montreal and via 
New York, we have :— 


Miles. 
Fort William to Liverpool, via Georgian Bay canal.. .. .. 4,123 
N ss = RUAN GMEtn VO ina eter ceo t aann GT OOO 


giving a difference of 806 miles in favour of the Georgian Bay ship canal—Montreal 


. route. 


The following interesting tables of comparative distances, have been carefully pre- 
pared. These tables are also given on Plate No. 2, showing various water and railway 
routes, 
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22 FOOT NAVIGATION PROJECT. 


Length of Length of Length of 


Description. improved free 
Canals. | channel. navigation. 
Via Miles. Miles. Miles. 
French, Mattawa, and Ottawa rivers, 
and Lake St. Louls to Montreal... 27°5 55°5 357 -0 
Via 


French, Mattawa, Ottawa and Riviere 
des Prairies to junction with River 
St. Lawrence ship channel at Bout 
SPI LLG, oc sista ae amiestes oiedetecl cree intraday ote 34:0 55-0 359 -0 


Total 
length. 


Miles. 


440-0 


448 -0 


eae eS, 


TABLE OF DISTANCES IN STATUTE MILES OF WATER ROUTES. 


PROPOSED NEW CANADIAN ROUTE. 


Distance 
Via Great Lakes, Georgian Bay Ship Canal Distance Montreal Total | 
to to 
and Montreal. Montreal. Liverpool Distance. 
via Belle Ile. 
Porta Willig ito EAVerpOOls siacig accel visteieuciel choice se cal ties peer cee aed ie 934 3,189 4,123 
Duluth Le ha tea ence clare: Goat ant mematenn a see kare este eWarereneneme eres ¢. 1,056 3,189 4,245 
Milwaukee 1 BP CAINS Mite be Se eM me et tere aes, Caran le ) 906 3,189 4,095 
Chicago 46 Mn Duet THR Gs Revenge ty RON Lk Se nen Rees ice Sen te eh ee 972 3,189 4,161 
PRESENT CANADIAN ROUTE. 
: Distance 
Via Great Lakes, Welland and River St. Lawrence Canals Distance Montreal Total 
to O 
and Montreal. Montreal. Liverpool Distance, 
via Belle Ile. 
HOTUMVVIliamM: CombiverpoOlaceecs nc that cine) ites cit cc iene = emens, state 1,216 3,189 4,405 
Duluth ye © selwia: Ma eps a Ear resins Bio ARM Ley PR Ke ZENS DR AREA cs 1,338 3,189 4,527 
Milwaukee Ameena LY TENN Pench Rant robe MM i ne pte tea ne ve At Hage PizG 3,189 4,365 
Chicago LOM Levin) Wath ot i Ae eer) aOR ok See an Ome aL i A part © 1,242 3,189 4,431 
UNITED STATES ROUTE. 
! R D stance 
Via Great Lakes, Erie Canal, Hudson River Distance New York Total 
tO; 2 < to 
and New York. New York. Liverpool. Distance. 
Moreawiilham to Liverpool). 2. : ester » + 's-- Deteic ma saece eice aie sa 1,358 3,571 4,929 
Duluth enh Oi ae tS SD RRL ee LS a da goin Sirsa efi 1,480 seal 5,051 
Milwaukee SU Tide We UPS IE Ie > koh ol SR ere ate ee EB mE tek 2 1,318 ee SA TL 4,889 
Se yAl 4,955 


Chicago Smt eM rte tries Sin ent, by. crsrc ic) PRR RIC Olt ain Myo ro cuyon i io.Cet 1,384 
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TABLE OF DISTANCES IN STATUTE MILES OF WATER AND RAILWAY 
ROUTES. 


CANADIAN ROUTES. 


—— 


Fort William to 
Liverpool... . 
oe to Liver- 
Milwaukee to 
Liverpool.. 
Chicago to Liv- 
erpool 


~~ a 


GRAND TRUNK Raitway ROUTE. 


Drrot HarsouR-MONTREAL. 


Distance 
eee Distance | Montreal 
Depot to Total Distance 
Denne Harbour | Liverpool | Distance. to 
Harbour. to via Midland. 
Montreal. | Belle Ile. 
516 381 3,189 4,086 540 
638 381 3,189 4,208 662 
488 | 381 3,189 4,058 §12 
554 381 3,189 4,124 578 
UNITED STATES ROUTES. 


New York CENTRAL 


Rattway Route. 


BurraLto—New YorK. 


ERIE 


Raitway Route. 
BuFFALO-NEew YORK. 


mf | ff 
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GRAND TRUNK Rattway Routes. 


MipuANp-MoNTREAL. 


Distance 
Midland 
to 
Montreal. 


383 
383 
383 
383 


| Distance 
Montreal 
to Total 
Liverpool. | Distance. 
via 
Belle Ile. 
3,189 4,112 
3,189 4,234 
: 3,189 4,084 
3,189 4,150 


LEHIGH VALLEY 


Raittway Rove. 
BurraLo-—New YorK. 


a.) AS, ad 
: : bi Shine ba 
fe) fe) 
ei| tg! é eileg| § etl] 3 
ro} = ° oo q 3 30 oo q } 30 oo = 
= mp Z 2 8 = MP Zo 8 a OP Ze Ss 
te siz Feky “a | at se + . oe 2 
$3 $o $2 Q $3 So ©. a) 2% o.o O.0 a) 
so j saz] s8] o eo | ez | so} | sh | se) eA] L 
S| ae}us| £ fas | es | esl] 8 | 8 | ee. 28.) 2 
(= a A | @ Q a) H A a) A a 
sks Wiplliam to Liver- 

Res Ren eee 63 440 | 3,571] 4,874) 863 425 | 3,571| 4,859] 863 448 | 3,571] 4,882 
Duluth to Liverpool. . 985 440 | 3,571] 4,996} 985 425 | 3,571] 4,981) 985 448 | 3,571| 5,004 
Milwaukee to Liver- 

POOLE Pics ccmbarns oe 823 440 | 3,571] 4,834!) 823 425 | 3,571) 4,819} 823 448 | 3,571| 4,842 
Cae to Liverpool. 889 440 | 3,571! 4,900 - 889 425 | 3,571' 4,885 889 448 | 3,571 4,908 
3 DELEWARE, LACKAWANNA 
West SHORE AND WESTERN PENNSYLVANIA 
Ratbway Route. Rattway Rovrve. Rattway Route. 
BurraLo—W EEHAWKEN. BuFFaLo—HoBOKEN. BurraLo—Nrew YorK. 
2 : 3 
2a} 8 cS) Rr CT 
3 O : 5 S . Ou: 5 BM : a 
a) Onn o — o = 
S 5 3 iS 5 FS a g 5 & 8 > & = 5 3 S E 
rales sy s = AQ me s = my | ae s 
> 5 ;Q' > Oo — é S =O — 
eh| so pee | a) oe ec) ge Pa [oes | Ss) geo) B 
ge gee | eel ge | Be) PARSE BO biaee gin vg 
B2|e8} us| 2 | Bs) S| es) € | es | ge | Be) 
a yo le a QA A A ical (a) A A H 
Bere wan to Liver- 

Sortie, dad bie ood 863 429 | 3,571) 4,863) 863 411 | 3,571] 4,845! 863 508 | 3,571) 4,942 
Duluth to Liverpool. . 985 429 | 3,571!) 4,985) 985 411 | 3,571] 4,967) 985 508 | 3,571) 5,064 
Milwaukee to Liver- 

DOOM eee ee 823 429 | 3,571] 4,823] 823 411 | 3,571) 4,805| 823 508 | 3,571; 4,902 
Chicago to Liverpool. 889 429 | 3,571) 4,889!) 889 411 ! 3,571) 4,871! 889 508 | 3,571] 4,968 
West SHore & Boston & ALBANY New York Centra & Boston & ALBANY 
Rattway Route. Rat~tway Route. 
BuFFALO—BosTon. BUFFALO—BOSTON, 
Distance | Distance Distance | Distance 
Distance | Buffalo Boston Total Distance | Buffalo Boston Total 
to to to Distance. to to to Distance. 
Buffalo. Boston, | Liverpool. Buffalo. Boston, | Liverpool. 
Fort William to 
Liverpool. . 863 489 3,228 4,580 863 499 3,228 4,590 
Duluth to Liver- 
an Pee ee 985 489 3,228 4,707 985 499 3,228 Ba 7 12 
Milwaukee to 
Liverpool.. 823 489 3,228 4,540 823 499 3,228 4,550 
Chicago to Liv. 
erpool.. : 889 489 3,228 4,606 889 499 3,228 4,616 
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TIME OF TRANSIT. 


This is affected by the length of restricted channels on the route, where speed has 
to be reduced, and by the number of lockages and consequent delays. A close computa- 
tion of the speed allowable in the different stretches, with three-quarters of an hour 
delay for passage at each lock, gives about 70 hours, as time of transit from 
Georgian Bay to Montreal. 

With the advantage of shorter distance between terminal harbours, it is com- 
puted that the route will be from 1 to 14 days faster than any other existing water 
route, under present conditions, from the head of the Great Lakes to an ocean port, 
apart from also having an enormous superiority as to carrying capacity. But as com- 
pared with a possible improved system of St. Lawrence canals to a depth of 22 feet, 
assuming that the number of locks would be greatly reduced and some of the channels 
widened, the benefit in time of transit claimed, would naturally be lessened, the saving 
in distance being offset, to some extent, by the longer stretches of lake and wide river 
navigation which exist through the Lake Erie and Lake Ontario route, where higher 
speeds would be permissible. 


TERMINAL HARBOURS. 


As the harbour of Montreal forms the eastern terminus of the waterway, no 
special provision is made in the estimate for increased terminal facilities. By the 
time the waterway is completed, with the works now under construction and the 
extensive improvements proposed, the harbour will, no doubt afford sufficient dockage 
facilities to meet the requirements of the increase in traffic contributed by the new 
route. As this traffic develops, facilities will be extended naturally as part of the 
harbour works. 

In connection with the front route, the large basins created above the Victoria 
Jubilee bridge, between Nun’s island and the Verdun and St. Gabriel levees along 
the north shore of the St. Lawrence river, will afford ample room for extensive dock 
facilities for lake boats. 

Should the Riviére des Prairies route, back of Montreal island, be selected, 
splendid facilities for docks and railway yards would also be available. 

The possibility of giving an available depth of 25 feet from the St. Lawrence 
ship channel to the Recollect lock has been considered, with a view of affording ter- 
minal facilities, back of Montreal island, for vessels of a maximum draft of 24 feet. 
This would allow the extension of Montreal harbour in a very desirable location, 
when need would be felt for more space, leaving the front or main part of the har- 
bour free for deeper draft ocean vessels. 

The additional cost over the estimated 22-feet depth for this part of the water- 
way would be nearly $2,000,000. 

The western entrance to the waterway on the Georgian Bay is formed by French 
River harbour. As this will be only a transit point to and from terminal harbours 
already established, no terminal facilities are required other than improvements in 
certain parts of the entrance, and increased aids to navigation. The cost of these 
improvements is included in the estimate. 


LENGTH OF NAVIGATION SEASON. 


The length of the navigation season which will be available on the proposed 
waterway as compared with the conditions prevailing at initial points of the transpor- 
tation system from the Great Lakes to the sea is of great importance. 

Undoubtedly on the proposed waterway, this will be governed by the opening and 
closing of navigation on Lake Nipissing, and by the conditions at the Summit and 
Mattawa river reaches. 

The following data will be of some use in making comparisons, and in determin- 
ing the probable number of days which the canal may be expected to be open for navi- 
gation. 
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OPENING AND CLOSING OF NAVIGATION OF ST. MARY’S FALLS 
CANALS (1880-1905). 


Latitude, North 46° 30’.—Elevation above M.S.L. 601-75. 


Date Date 
of of 

Opening. Closing. 

April 28..../Nov. 15. 

Mayaaiece Dee.) 5: 
April s2tin.a\\Decer aos: 
Mayer 2-7).-.| Dec) TPs: 
April 23....|Dec. 10.. 
May 6....|Dee ae 
April 25....|Det 4.. 
ay 1....|Dee 2a. 
May 7....|Dece AS 
April 15....|Dec Ane 
April 20....|Dec Be 

April 27....|Dec Ue 
April 18....|Dec 6a: 
May 1....|Dee See 
April 17....|Dec 6.. 
Kort. 23..)... (Dee. Tie. 
Aprile oie. |(Deex Sin 
April” 21.....|Dee.. 14: - 
April 11..../Dec. 14.. 
April 26....'Dec. 20.. 
April 19....|/Dec. 16.. 
April 20....|Dec. 21.. 
Woril-izil :... 1 Dee. 20.2 
Aprile m2. 'a-13 (Des. 15. 
(April) 30... |Dec: 926. - 
April 10...-.|Dec. _ 20.. 


Remarks. 


oe Average date of opening of navigation. Anril 23. 


ee Average date of closing, December 9, 


oe (AW erage number of days open, 230. 


OPENING AND CLOSING OF NAVIGATION OF FRENCH RIVER HARBOUR 
Latitude, North 46°.—Elevation above M.S.L. 580. 


Year. 


Date Date 


of of Remarks. 
Opening. Closing. 
orit QS ceeINOWA oie 
[May ie 5 ae LDYe, Ais 
jApril 13..../Dec. 2.. 
iMay =4.... Dee. «Lat... 
May 5....|Dec. 10....|Average date of opening of navigation, April 26, 
May Sete Decs Gees : 
pel 24......|Dec Sa: 
|April 29....|Dec Le 
May 12....|Dec 4... 
April 21....|Dec Aw. 
Aprile loa ech) a ear 
April 18....|/Nov. 30.... 
April 16s ia. (Dee. desk Average date of closing, December 3. 
April 24....|Dec OE 
April 18....|Dec aS 
April 24..../Dec Dea. 
i praly oo atras Itoh oh eanet ss Average number of days open, 221. 
NEI Pe oh ple noon too nse S 
Avoriles lArniransy astehen one iran oes 
Bentilch Of cae li sete. ate ne/ere 
ae |e 45 Be aed gel oe aioe, Ie 
April: SSc20| Dee, | Naae 
[April 19:2.) | Dee. 14, 
|May Dera NOS ane Oe 
May 8 Ree | Dees 45. 
May des Dee: A. 
Aspro 26). si) | NOV. 29 


Avutuority.—From 1880 to 1901, 


Northern Navigation Company. 


J. W. Fraser, survey of 1901. 


From 1901 to 1906, taken from records of 


Date of closing given above is first formation of ice; this first 


ice often disappears and the harbour keeps open until late in December. 


19a—21 
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OPENING AND CLOSING OF NAVIGATION ON LAKE NIPISSING, AT 
NORTH BAY,. ONT. | 


Latitude. North 56°-15.—Elevation of lake above M.S.L. 640. 


e 


Date Date 
Year. of of Remarks. 
Opening. Closing. 
rte ay er eee ney Lee eens, SA ee ee A ee 
PRES 5. hcg ne ae ee ee April 29....|Dec. 7...- 
POR... sak oe eta Shee ame April 30....'Deec. 6....|Average date of opening, April 27. 
RRR: oe! «yack os Nae A sia May 5....|Dec. 4 3 
CL IRR re tne i ah April 26 Dec. 6 
TEC) 4 Ae eee eae goer aon April 23 Dec. 2 
TOG... SE sean eee ee April 23 Dec. 3 
ASO. | AiR Oh eee Seri ae rong April 16 Dec aGa. 
MINE. >. 6 or ons Vente e hvienais nae essa April 30 Dec. 19....\Average date of closing, December 4. 
MRC. He Oo hcqu ee Clie cee aes April 26 Dee, he 
Pee. <i ci! ipnshocts war aha April 29 Dec. 138 
BROR s.r SEES eRe ee ee April 27....;Dec. 11....|Average number of days open, 221. 
PROT n Sheer: Sorarer es gs April 29....|Dec. 11.... 
BRUM Ss 7 oe Gases erechanuE ese April 17 Dec. 11 
TICSGO) 0%. oe RE REA ONAL otc, Rremtace May eo Dec. 12 
MORRO cs cn stecge SP eee es oe May 1....|Dec. 20....|/These records are from various sources, and in 
ROMO Sk. acrg EP Ga Aenean Trace ely April 28....|Dec. 10....| my opinion, dates given are only approximate. 
OOO os ces SSO sone ahs aves: April 27.... Nov. 19....| It seems that average for length of navigation 
EMRE Hoe am PS 2 ero et coat April 27....|Nov. 18....]| season should be reduced by about 10 days, 
SL EIEIO, iter erence aap eect arte May 4....|Nov. 20.... making it 211 days. A representative of one 
eM EE ete a wnat mccanteardies April 27....|Nov. 16....| of the largest firms operating on the lake, 
TGOGMEe er ee ie mein May 2....|Nov. 16....| states that in his experience of 22 years, navi- 
gation has always closed before December 1st. 
The earliest he has seen it closed was Novem- 
fee hel Therefore, 211 days seems about 
right. 


AvuTHoriITy.—From 1886 to 1901, fram J. W. Fraser, survey of 1901. From 1901 to 1907, from captains of boats 
and other parties. Date of closing for years 1886 to 1901 probably refer to date when lake was 
oe over, and date of closing of navigation should be taken at an average of about 12 days 
earlier. 


OPENING AND CLOSING OF CARILLON AND GRENVILLE CANAL.— 
LOWER OTTAWA RIVER. 


IEOY ere Aoarcines Gx ieee April 24....|Nov. 28 

FS RF ER a ta eee ee ease ay Dare NOVO 

RRO). Ss cinteenetbume areca) eeu April 26....|Nov. 27 

12 2 2a 4 RRP SRV oo Cc Se eee ay. .1....|Nov. 27:..-. 
Pe iy. sleet oe ae ale were Ree ra April 28....|Nov. 24....|Average date of opening, April 29. 
TETENSS 2 SR eae icc" lenin ae Ree area ay: “Tiss NOV.) S0--e- 

Aree te itu t an eater ae Rene eo ech May I Nave Nov. 30 ; 

BR ec Re re thats Rrleotec fonts far May 2 Nov. 30 

1 Chee RR AR EAs nn coy Oren tear May 2 Dec 2 

ROMER ciel a candle fae Meenas Reese April 26 Nov. 30 

TEC eee heen oe ree April 26....|Nov. 29.... 

A Ry C8 eer secant: April 23....|Nov. 28....|Average date of closing, November 29. ° 
SU ite sate Rete techth tony ee Reet April 30....|Nov.  30...- 

SIS) Uw 9g te eres. oats oroneds May 1 Nov. 30 

PREIS oct y Mae tk it ga a April 23 Nov. 30 

ASSO ce «isnot Seen oes wees caeus Seema April 29....JNov. 30.... 

11S og ec coremecoeacecace coaLA a carats April 27....|Nov. 28....|Average number of days open, 214. 
OS cso alti Dee ees ance tonya April 26....|Nov. 30.... 

TS, «epee area erciceecroe April 30....|Nov. 26 

HROOME Nc dat PROG ee aera ae ay ies Nov. 30 

iD: a ro tiare ee ots, oui May 1 Nov. 30 

ROOT Sei obs Seta ae er tae April 29 Nov. 30 

CIO rts’ Samo’) Paral aan emerges setae ets April 28 Nov. 30 

Ce ITS scl rato PS emp April 27 Nov. 30 

HOTA © Lohis Pee iia. ceece ones May 2 Nov. 30 

TED GY. Seer en AeeGEN oc wie cer May 1 Nov. 30 

SARIS ca cie Wee April 30 Nov. 30 
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OPENING AND CLOSING OF STE. ANNE LOCKS—LOWER OTTAWA 


RIVER. 
Date Date 
Year. of of Remarks, 
Opening. Closing. 
SSO se cigars Rae cote a iccnw aiaeatak wie April 24 Nov. 24 
TUESSE5 | apsese- dete. a Manis ly apa pack eae a April 18 Nov. 20 
SB ay DS ea AD Op April 11 Nov. 30 
1 pokes Wer cer is One OR aR NE aces Bee a April 30....|Nov. 26.... 
LSS Aree art cnc a, nce hereon MRE April 26..../Nov. 24....|Average date of opening, April 25. 
USS Ore eee Coleen ee ens aaa Maye none INOV. a 260. 
SSG ieee Wee ES pe pie A Atorilaee (ene NOW, 
SS feet cao esi cee aie Me Paonece ay 4..../Nov. 28 
USS Seer Mertre seca en ee Caen on May 2....\|Nov. 22 
MNS SO Reet siceria eaten wR aoe ee AN sete) Tae Nov. 29 
TS OOM eerie ae tavae setae © eke: Aprile 240 ce NOVal 2s ee 
BAD octane an ce als eee ees oc April 25....|/Nov. 26....|/Average date of closing, November 27. 
TSSOIA osseqcon ate cours te OA Re Aprile 20) os ANOVa)) 28525: 
INSTORE mire aay Oe) ee ee ee ae ee pril 29. Nov. 27 
UY Asp RD EE ee ener April 21. Nov. 25 
HTS Rerermmeten sae fe hee anon Sale oe April 27 Nov. 29 
SOG ae cretea har Mie coi Weed Wiens ete April 26..../Nov. 28.... 
JLT AS che Nar SP ated ea en en em ROR RO April 29....|Nov. 30....|Average number of days open, 216. 
ESOS Mier ee ee 2 Sie ae ec tat ee Fie Atpri lee ialie era) NOvegeO pas 
BON UR Coe Rte ee ee ee eT 8 April 27 Nov. 26 
OOO err eteeeee east on 2.scue Bie, ge cence ag st tease oe April 24. Nov. 28 
TIN hos kaa a April 24....|Nov. 26 
MO OD eter ye er ec ne clin idee eee aden pril 22. Nov. 30 
OO Serer pel oe acarlen ae April 28. Nov. 30 
NOOA wraertets t,he ges cies Tee April 22 Nov. 30 
MOOS F aan eae ie tae 2 eats spate April 16 Nov. 30 
NO OG serra? ne sta oes Sk ee April 19 Nov. 30 
OPENING AND CLOSING OF LACHINE CANAL. 

TiS URE Seek MRE OE Ree en ae April 26 Nov. 27 5 
Sila se a epee regs eee eral a dime ys. @ eatacte eet: anes ay 1 Dec 1 
De Ore ete one Wis hde ey Putte a; want April 25 Dec ui 
LSS SoCal Gali hoslas iinerel sieues RY) els 2 | Dec 1] hese 
HRS A Weare ok see et OR ARE Te eet May 12....|Nov. 30..../Average date of opening, April 30. 
SS Ore eye Cee cee tenes May 4....|/Nov. 30.... 
SSO stae sprees ieee cueiwescekang sic srece enees May 3 Nov. 30 
WSS (ore er atc oaey a een Gia eee ee May 4 Nov. 30 
MES Scene AN Rie. Srv iccRinnictuaes saueeN May 1 Dec 2 
SSO ae eecteere Same e orser nt oe poe on) acts as April 21 Nov. 30 
ERD dose DO RBEE Don il ey a a ee April 23....|Nov. 29 
AS Oe Statens conn saber eect, ae rate April 28....|Nov. 30 
SO 2 rir oricraastaaedela’ fe send ait ovate ee aye? Leas NOVe 30 
SOS tents Ge he Merr ens eit meh ay is ahs aloe bee a May 4....|Nov. 30.... 
RO) pene Lees Py ein tous LT hee a Ana April 23....|Nov. 30....|/Average date of closing, December Ist. 
ee ere ete Poe ck eae April 30....!Nov. 30.... 
1132 Osh: Ay Scie chon eet ae eats ae ore May. 3-5. 1Nova -30 
ESO eer Pet Reon arate aii eheuactcioh May  1....|Dee il 
NS OS Suite reisecsp er eal pene nO i ioe skein pril .25...-.|Dee 1 
MOOS Sahat cee oRWol vets ciaehs eta a0 col ay 1....|Nov. 30 
OOO Jee ant ite EE Ate ol) ed anke May 3 . |Dec. 
ONO) aol eee aha nan cantay ota Pye ee Ae May 1 .|Nov. 30 
TIO AG rod RO reS, CRN Cin ane Rae epee Maye Eason. (Deck « = Gxcrae " 
OS ate Rie ah ae re a a eee May 1..../Dec. 3....|Average number of days open, 215. 
OU Ace tere rc che or Sa. tee egal sone a May _2.... {Dec A Waiecons 
OS a erer Thea eed oe eee aie Waka denen cles ae May 1 . |Dee % 
THOTT ap cs Soe ce ee nO April 29 . |Dee 4 
fe 199-914 


324 DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., A. 1909. 
TABLE SHOWING THE OPENING AND CLOSING OF NAVIGATION, AND 


THE FIRST ARRIVAL AND LAST DEPARTURE OF SEA-GOING 
VESSELS IN THE HARBOUR OF MONTREAL SINCE 1880. 


Opening Closing * First Last 
Year. of oO Arrival from | Departure 
Navigation. | Navigation. ea. for Sea. 
PE |. Sco RPO ot oR arate nr 2 age ne eel sea Oa April 17....|Dee. 3....|May 2. Nov. 22 
PRES... eee enone nee i, heh Sone n Rieter i CrOL. olden.) 2 (S2)\April comets eu ee 
TIES seers ho meeseise Sato cs sete a estar etait eat 6 Go Sh Ee Dec. o. tiMay. Gace 21 
FUSS SERN. hey one anes aeetge ac) Oise ee eplonsite Meare nese teaieltegs“ We spies < ARE « eae | ears Soe eens 20 
SR cia g Seales we igi ces laviawe Sawer tr in seenen enue: ole) apate ems pares) alpete EQe ee aes PA Ie re lk ge 20 
TES, se ROE Richa Sires ou ee asscpc sone csekcan 5 aneemere cars) Mayjate Ds sable Teo ee Seno ideas 20 
SI: Ei Dele RE iD Parente tL ee er ‘April (Os. coatiRs Agee (April. 3020 Gatie a oe 
ee Se eee are emer Bees Re May (loote Porte ea May? Seer, Game 
GROCL Sia RoR Ins Chis ieeeaeciens conn 0 Re sancee 7c cage Ophea = April 29.... $ tees | ieee y. ree HN ae 22 
OS DRS Neel Se Ot SMe tory a, ae St tae gaa Ki 2d cea Oia OQN Ue wt Agrtl 27 antec Le ames 
TET OY Bi RE ae corscc sO OHA en cd ec gemcnies co ciloes Tunic ICC HO toca ah iF 1a vals eel as 30 veel ae 24 
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The average date of first arrival from sea in last 21 years is April 24. 

The average date of last departure for sea in last 21 years is November 25. 

Average number of days open for ocean navigation 215 days. 

The removal of the buoys from the ship channel between Montreal and Quebec 
is usually commenced between November 20 and 24. 

Authority, Montreal Harbour Commissioners’ Reports. 


Summarizing, the length of the navigation season at the ports and other places 
covered by the records given above is as follows:— 


St. Mary sa Falls canals... 228s ye. ceeee ace te 230 days. 
French river harbour, western end of canal.. .. ...... 221 “ 
Lake Nipissing and Summit level, approx.. .. ...... 211 s 
Carillon and Grenville canal, lower Ottawa river.. .. .. 214 “ 
St. Anne’s lock, lower Ottawa river... .: .. 1.04.0... 216 ~ 
Lachine canal, St. Lawrence route.. .. .. -. +. ++ + 4 a hee 
Montreal harbour, ocean navigation... .. .......... 215 “ 


In looking over the list giving the dates of opening and closing for Lake 
Nipissing, it will be noticed that the navigation season was reduced from 221 days 
resulting from these dates, to 211 days, on account of the imperfect records available, 
in order to eliminate all possible chance of over-estimation. 

The reduced figures, I believe, represent fairly the average length of time the 
waterway will be open for navigation, every year, and it may be said to be practically 
the same as for the lower Ottawa river, the Lachine canal and the season of ocean 
navigation for the harbour of Montreal, which governs the water-borne import and 
export trade through the St. Lawrence river route. 
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| TIME OF CONSTRUCTION. 


A careful analysis of the work to be performed shows that it would take from 
three to five years to develop all contracts and place the whole route under active 
construction. Some of the sections where heavy submarine excavation is encountered 
would require at least five years to complete, under the best conditions of labour and 
equipment. It may be fairly stated, therefore, that a period of ten years from 
inception would be necessary to open the waterway to navigation. This would mean 
an average expenditure of about $10,000,000 per year. 


UNIT PRICES. 


The prices for concrete, metal work, excavation, etc., used for the estimate of 
cost, were adopted after a careful investigation of the actual cost of the same kind of 
work performed for the department or elsewhere under similar conditions, and after 
studying unit prices used in other estimates for large canal projects. 


Locks—Locks constitute about 30 per cent of the whole cost of the project. The 
excavation of foundations amounts to about 15 per cent of the cost of the locks. As 
the excavation is considered to be done in the dry, in most cases or within a dam, it 
is placed at prices for dry work, that is $1 and $1.10 per cubic yard for rock and 25 
to 35 cents per cubic yard for loose material, according to conditions of site. 

For unwatering, an allowance of $10,000 per lock is made, for building dams, 
pumping, snow removal, etc. This is an uncertain item, but in many eases it will 
require very little expenditure to keep the lock pits dry during construction. 

Concrete amounts to 40 per cent of the cost of the locks. The price set, $7.50 
per cubic yard, is intended to cover all materials required and in all localities. This 
may seem to be a high price for the large quantities of concrete required, and it may be 
that bids could be received as low as $6 per cubic yard, but the increasing cost of 
lumber for forms, difficulties of delivery of cement in some cases, etc., dictate a round 
allowance per cubic yard. 

Piers amount to about 30 per cent of the cost of the locks. Generally they extend 
2,000 feet above and below each lock. Timber cribs well filled with excavated rock 
are used for the part under water, and upon this base, a concrete wall provided with 
mooring posts and backed with loose rock filling.. In some cases, however, the piers 
have been estimated ag entirely built of timber. 

The prices as fixed, are for crib work, $3 and $3.50 according to location; for 
eoncrete walls $7.50 and for loose rock back filling 50 cents per cubic yard. In view 
of the large masses of blasted rock which will be available from canal cuttings and 
lock pits, these prices are considered very liberal. 

The quantites of structural steel in gates have been calculated from detailed 
plans, and 10 per cent added. The price set, 6 cents per pound, or $120 per ton, in- 
cludes all kinds of steel used. 

For the valves, operating machines, storage batteries and lights, the cost has 
been estimated for.a standard lock and applied at each locality. The storage batteries 
provided at each lock are assumed to be filled either from local plants, already ex- 
isting in the vicinity, or from small power units specially developed close to the 
locks, and are sufficient to operate and light for 48 hours. 

An allowance of $10,000 for mooring posts, ladders, life lines, etc., is made for 
each lock. 


Dams and Regulations.—Dams and regulating sluice-ways form about 7 per cent 
of the whole cost of the project. 

Although the price fixed for excavation includes the removal and disposal of 
material, still 50 cents per cubic yard loose is estimated to cover the placing of the 
rock in dams to the desired lines, and 25 to 35 cents per cubic yard is allowed for an 
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earth face, although it may not be deemed necessary in all cases. When concrete 
overflow dams are placed and for all concrete work in connection with regulating 
works the price per cubic yard is fixed at $7,50. The timber for stop-logs may be 
obtained locally or from British Columbia, and the prices used for the estimates vary 
from $30 to $50 per thousand feet B.M. 

Excavation in channels, including guide piers and lighting system amounts to 55 
per cent of the whole cost of the proposed waterway. 

For submarine rock work which requires to be drilled, blasted and removed by 
dredge, the price has been fixed at $3.00 and $3.50 per cubic yard. Probably this 
may be fair enough for granite, which forms the large bulk of the excavation, but it 
will be more than ample for work in limestone, some of which may be dredged with- 
out drilling and blasting. 

The price of $1.00 and $1.10 per cubic yard for dry work is fair, owing to the 
large quantities to be excavated and because an additional 50 cents per loose cubic 
yard is allowed for placing great quantities of the excavated material in dams and 
embankments. 

The dredging of material other than rock is estimated at prices ranging from 20 
cents to 35 cents per yard. The first price applies to soft material, or soft clay and 
sand that can be excavated by hydraulic dredging. 

The price of 35 cents applies to hard material, including indurated clay and a 
mixture of clay, gravel, cobbles and boulders. 

Earth excavation in the dry, ranges in price from 25 cents to 35 cents, and in 
case of cemented material, to $1.00 per cubic yard. : 

The great part of this material is from canal cuttings, and will be used in em- 
bankments for which an allowance is made. 

Where banks require to be lined with stone, the price set is $2.00 per cubic yard. 

In regard to guide cribs along submerged channels, these are estimated at $3.00 
per cubic yard. 

An allowance of $250 is made for each light placed on the cribs. 

In regard to range lights, the cost of two small lighthouses, with lights and re- 
flectors complete, on each course, is fixed at $2,000. 

Damages amount to about 8 per cent of the total cost of the project. 


DETAILED ESTIMATES OF-COST AND SUMMARIES, WITH ESTIMATE 
PLANS. 


In the following estimates of cost, the quantities have been taken separately 
for each reach or change of level, each level forming a convenient sub-division for 
the whole route. A reach generally, for the purpose of the estimate, includes all 
works and structures governing it, from the lower entrance to a lock, including ap- 
proaches and dams, to the foot of the lower approaches of the next lock above, ex- 
cepting for the Summit reach which includes locks at both ends. 

The quantities have been determined and checked very closely for the various 
items. 


In each estimate of cost, land and other damages are partly covered by specific 
items and partly by contingencies. In most cases of undeveloped water powers, it 
has been assumed that owners could be compensated by being granted power prive- 
leges at nearest dam. Oost of damages, at best, cannot be well defined in this esti- 
mate. In ten years from now, it is likely that the damages to pay would be much 
larger, as conditions on the rivers followed would be much more involved. There- 
fore the amount of damages to pay when the waterway is completed cannot be well 
foreseen. It will probably increase with every year of delay in commencing con- 
struction. This amount may be larger than estimated by two or three million dollars, 
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according to conditions at the time of construction and the legal view taken of some 
of the claims likely to arise. 

The cost of each level is subdivided as follows:— 


1st.—Lock, guide piers and equipment. 

2nd—Dam and regulating sluices. 

3rd.—Channel excavation, guide cribs, range and marking lights. 

4th.—Damages to lands, railway tracks, water powers, &c., including also new 
bridges required. 
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ESTIMATES OF COST FOR A NAVIGABLE WATERWAY, 22 FEET DEEP, 
FROM MONTREAL TO GEORGIAN BAY VIA THE OTTAWA, 
MATTAWA AND FRENCH RIVERS. 


SUMMARY OF COST. 


Route A. 


Via Montreal, Lake St. Louis, Ste. Anne de Bellevue, Ottawa, Rocher Fendu 
channel, Coulonge, Pembroke, Des Joachims, Mattawa, Talon lake, North Bay, Lake 
Nipissing and French river. [ 

Locks, dams, channels, piers, lighting, damages... .. .. .. .. $88,626,108 

Contingencies, engineering, administration, &. .. .. .. .. .. 8,862,892 

Storage of flood waters, regulation basins, telephones, &. .. 2,200,000 


Total’ cir dttastts cers n dl a etre OO bomen 
Peeder’at Summit, -when-required ~ 20555 0s i. ce inl ae 987.485- 
Route B. 
Same as Route A, excepting that Riviere des Prairies (Back river) one of the 


branches of the Ottawa river, north of Montreal island, is followed, instead of Lake 
St. Louis and the St. Lawrence river from Ste. Anne to Montreal as in Route A. 


Locks, dams, channels, piers, lighting, damages .. .. .. .. .. $88,354,508 
Contingencies, engineering, administration, &.. .......... 8,335,492 
Storage of flood waters, regulation basins, telephones, &. .. 2,200,000 

Total nus Nee Ge i 


Feeder at Summit, when required .. .. .. .- -. - + we oe ee es 987.485 


SS eee eer rrr mC ere 
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MONTREAL REACH. 


Custom House to Verdun, Miles 0 to 6. 
Surface Elevation 52, Surface below Lock Elevation 20, Lift 32 feet. 


Description. Quantity. Price. Cost. Totals. 
$ cts. $ $ 
Montreal Lock— 
IX CAVALIONNEOCK MALY c.famiera ease ere as C. yds. 75,474 1 00 75,474 
HU TEW ALERT SUD beet ie tre a) 2 cake) SME rare os ore, sont ccteaats ape TenC het lias faction meaememease 10,000 
Concrete, lock walls, &¢...... +2 6s256--. C. yds. 60,100 7 50 450,750 
Entrance piers, cribwork. . Sits MOO Pras ns 95,100 3 50 332,850 
Entrance piers, concrete wall. . Boose te 7,300 7 50 54,750 
Entrance piers, rock fill tack of wall)... Regen tS 43,800 0.50 21,900 
Lock gates.. 5 : : Pa LOnS, 876 120: 00 105,120 
Gate operating amachines fe 6 ec en Each. 8 500 00 4,000 
Filling and emptying valves and machinery. “ 4 3,960 00 15,840 
Gate and valve motors, storage batteries, lights ..|............].....00c0005 10,000 
Bollards, ladders, life chains, &c...... Se eR tan sake UR ae Ah eam Neal ble Vee nae 10,000 
SSS 1,090,684 
Dam and Regulation— 
DANA OCI LOOSE ee eine acdsee elo cenect es C. yds. 94 ,200 0 50 47,100 
Earth face. Ee BRA An bate va Roe ers ee ea tin ee % 23,500 0 25 5,900 
Reculating CULVer bial NUACK AY wOlEL fone clr acre te ee ae ne ee elteston sahara 10,000 
Operatinesmachimesacm cn se nee eee oleae te ckeewtlite cr elcome me erases 1,000 
aa 64,000 
Channel— 
Hixcayation, rock, wet.....s..2+..5+0..+ 4.0. yds: 177,000 3 00 531,000 
Excavation, rock, dry.. ASAE IN ae PAU NE Suir eg 81,600 1 00 81,600 
Embankment, loose rock. . nt CORUM rane - 250,000 0 50 125,000 
Embankment, CORTON ee ies 1,800,000 0 25 450,000 
Raising Bickerdike DOI Ray. tery See Minette I ane celersicerbon mec eaer dae ares 61,250 
Barr kcsliin ore ene me kencleearc eee Shee oma C. yds. 48 , 700 2 00 97,400 
Pranee NEUES MNATKING PICT, OCG oe-a lo cise oat «Lee fel eobhac Oe ee Lee eee calc ais 6,000 
SSS 1,352,250 
Damages— 
Land ane rents, NUNS And Price ISlANdS 3s. fe ye iow op eo | eps oy ws S9s 47,200 
Water supplies, Montreal City and Waterworks Co,|............]......00-00- 535,000 
Drea Perey Criirineir pais sac od user mes ee betta Us Seat wee Ve Sahai ere Mae 250, 000 
Rail Wearva Dries tence eR ete sree er Nn Sec iees abere | Rootes raters ete ieee |i tithe ettayan 454,800 
PAVE STRAGCR sora eau le eae coh. Sie crsi ple at o ble cialnd ae Rha Laee a owe eects 65,000 
sseseens tnaaestoe 1,352,000 
3,858,934 
Wornting EnCles7 EN CINCEKIN GA eC s serie) strate te coe eT Ie ease | eos Pec at eh tle cece oo tates ena est era eta ears eee 385,893 
WaT ES) 3 OS Be an Oe ne eae eae Ue WMT Ray nee APN TEAL RAS Wie RR oak Ripe ea 4,244,827 


For analysis and general features, refer to page 92 and estimate plan No. 1. 
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LAKE 


ST. LOUIS REACH. 


Verdun to St. Anne, Miles 5 to 25. 
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Surface Elevation 70, Surface below Lock Elevation 52, Lift 18 feet. 


Description. Quantity. Price. 
$ cts 
Verdun Lock— 
Excavation, rock, dry.. : C. yds. 132,000 1 00 
Excavation, earth, dry.. SOO Se hak a a RECON < 24,726 0 25 
Unwatering 1 OP ARRAS NS ney neh Ne Seti OPA er eon a Tete ereg manele ae Iie TCR ZEN pe iene be 
Conerete, lock walls, ete.........5.5..624. C. yds. 54,000 7 50 
Entrance Piers, Cri WOLKE tee sens ee a 93 , 228 3 50 
Entrance piers, concrete wall. . cid came 3,400 7 50 
Entrance piers, rock fill (back of wall). oer a 50,400 0 50 
Lock gates.. ae 3 3 Tons. 712 120 00 
Gate operating mAChineEss foo ke cee ach . 8 500 00 
Filling and emptying valves and machinery. “ 4 3,960 00 
Gate and valve motors, storage be igs ina Dorm ae Sirens | Rus gains rue een ey 
Bollards, ladders, life chains, &e.. : te Sa AOS Gre Ee es PN ee ot: 
Dam and Regulation— 
COUMALINGVCULVErtra til OC Kase ece certs teste lee teres en ite aie ic ell CD Pe te ee 
OMeratinecMACHINES meee eee a ee Cee Mins ia ec | ee ee ee 
Channel— 
Excavation, rock, wet.. C. yds.| 2,203,268 3 00 
Excavation, rock, dry.. i 2,305,872 1 00 
Excavation, earth, wet.. . 1,977,530 0 30 
Excavation, earth, dry.. Nie ninety pais 3,053 , 667 0 25 
Embankment, Tones Fotki with ys se 928 , 436 0 50 
Embankment, CATE re eee ee ee i. 532,710 0 15 
CID WOLKE cee teen eo ihe ee eas a 29 ,593 3 50 
Concretecwallsie ain vee eee ee: S 2,000 7 50 
Prock fill back of walle... ss xk.sekiteos wet ig 12,000 0 50 
PSPLIBNC RP ERA PV OT te 807s) SUV ENS LOU egies ats Mae ha ah ss 42,100 2 00 


Range lights, marking piers, &e 


Damages— 


Mandsandsrightsycseet ner 


SiS eB. 6.0: et fo\le eis) \6).6 0) we) teri Nile wel e elle) erie Kel e: |witeu s. {arm Ve (elie! sé, we, velvet as 


oF = Welin, (Sc) stu bist Cel fey 6"s) a) e/a w) El e/ Janes) m S6L.e! (ers obey ie. Ul Bi ei 0/ 9) a6) 6) Ue Bi lel Tene 


Water supplies, Lachine waterworks: (0-5/5 os. oe te bok WS Ws bk Voice ee 


Railway DrigZes. os. oil. ss ek a 


Highway bridges............. 


Fila « (6/16) gw. we ele lelvebre relia le, flee /e fete isle) le ee iage fel ele a: pt ists ia emeliais 


Cost. 


132,000 
0 


6,609 , 804 
2,305,872 


For analysis and general features, refer to page 94 and estimate plan No. 2. 
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377,000 | 


12,552,945 


1,255, 294 


13,808, 239 


as Grae embe . : 


aids i 


> 1 
i rae f 
ert 
aie 
(a - 
le 
, “ tea 
+k ae 
; b ep elated a 
ee Phd 7 
R 
- oe ae = i hae tt 
Acs mee Aa ee 
2A ees Jen ane. ik: 
we 4 ‘ J : 


' 


pit ee . 
: Er od Ness Ren? ry hd Hie al 


ake / 4 
> bear he 
eS : 


LV are }7 


i ah re 
‘ants wie ig dpe ee 


Ne2 


sree aNadian 
Grand 


VAN ONES) 


ILE PERROT 


{> 
0" 
EUs 
§ 4 
yp 
wae 
os ae 
eo CHATEAUGUAY 
WF 
re SS 
(as 
Ba Public Works Canada. 
GEORGIAN BAY SHIP CANAL 
POUTARNOTS ESTIMATE PLAN 
<i VERDUN TO STE. ANNE Re 
oe ee Ceo 
IP i" & rs 


Low Water Surface. Elevation 66.0 


Embankment 
HL ZEEE. p> VIX Dae = j 
Bottom of Channel, Elevation 44.0 | 
‘5 10 


25M 20 
l C Brousseau Del. 


GEORGIAN BAY SHIP CANAL SURVEY 


SESSIONAL PAPER No. 19a 


OKA LAKE REACH.—(Laket or Two Movunrains.) 


St. Anne to Pointe Fortune, Miles 25 to 49. 
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Surface Elevation 75, Surface below Lock, Elevation 70, Lift 5 feet. 


Description. 


St. Anne Lock— 


Excavation, rock, dry.. .C. yds. 
Unwatering PC eee ois eke = eee Ils 
Concrete, lock walls, ASE COE OO Cr Otek C. yds. 
Entrance piers, cribwork.......-------++-> 
Entrance piers, concrete wa all... oe 
Entrance piers, rock fill eck of wail). Ss 
Lock gates.. : . Tons 
Gate operating hincbinees Arsenic: ce der Each 


Filling and emptying valves and machinery., 
Gate and valve motors, storage eee, nen ee 
Bollards, ladders, life chains, &c.. ; es 


Dam and Regulation— 
Dam, rock, loose.......-+-+-+: Bchscetieys ors es Ne 
Dam, earth, LA GG ere eens iet seksi ioe oun 
Dam, borrow pit, pees alee ee Mr iets okie eros 
Stop-log sluices.. Ae eee 
Operating machines. - 


Channel— 
Excavation, rock, wet.. 
Excavation, earth, wet.. : 
Range lights, marking piers, ‘&e 


eel een felene sone: 61.81 @) e118 sen 4 


Riciercrciotegeme G.nseeueus ie yds. 


Damages—. 
Wandiandsrights sacs cree ee eee es ces es Nae 
Railway bridges.....---- +--+ - eee ee ree eee tees 


Contingencies, engineering, &c....-------+-+++++++-> 


Quantity. 


etetia eae) = 5a) sia live, 
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oe ee eee ee one 
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192,100 | 


1,675,879 


vias, eL are ow eke: os 


s) oe) © Ie: 0). ole, @) eer © 


GAY BE Ed eR ie Sete eh CHR Ee LoCo pinta owe | SENS Rene 


a: iw 0) otet jo! ©) br ue @. Ke 


Bo! oa) 6.0 'a of 18: [6 


© 16-16) 6) 6) 0. ee o 6. eve 


3) eee sel @ eS 0! 0: ellie 


For analysis and general features, refer to page 98 and estimate plan No. 3. 


Cost. 


10,000 


22,900 
5/750 
23,000 
3027100 


2 


576,300 
335,176 
25,850 


188,475 
62,600 


Totals. 


784,817 


360,750 


937 ,326 


251,075 


2,333 ,968 
233 , 397 


2,567,365 
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GEORGIAN BAY SHIP CANAL SURVEY 330 
SESSIONAL PAPER No. 19a 
POINTE FORTUNE REACH. 
Pointe Fortune to Hawkesbury, Miles 49 to 60. 
Surface Elevation 115, Surface below Lock Elevation 75, Lift 40 feet. 
| 
Description. Quantity. Price. Cost. Totals. 
$ cts. $ $ 
Pointe Fortune Lock— 
Excavation, rock, ove: Ee ie ee OS VS: 156,775 1 00 156,775 
Excavation, earth, Sa ala laste W cittonaT ere saterate i“ 177,009 0 35 61,953 
RPL ETI es EGE Cn ot etiam Reto eiaer | are we ehh ne IR enue ett ea 10,000 
Concrete, lock walls, &c.........-+-+++++- s 84,582 7 50 634,365 
Entrance piers, cribwork...........--.--- - 101,957 3 50 356,850 
Entrance piers, concrete wall.. Bae Paty 9,700 7 50 72,750 
Entrance piers, rock fill (back of wall). ey 58 , 200 0 50 29,100 
Lock gates. . aM , Tons 965 120 00 115,800 
Gate operating MENINGES een eke aed Each. 8 500 00 4,000 
Filling and emptying valves and machinery. “ 4 3,960 00 15,840 
Gate and valve motors, storage Boel ed: acres ales RSueapaacal IRE MED erecd eee 10,000 
Poltanio ladders® liferchaing, Wel... tics eas fecclicess<e steals sian cones 10,000 
1,477,433 
Dam and Regulation— 
PtP OC KK, LOOSE a isis witha a nec Sle Fe ate C. yds. 390,090 0 50 195,000 
Dam, COLUM LACE sine iets letersi he oh aes) sus Gs 97 , 522 0 25 24,400 
Stop-log sluices..... Ene I ti pe ets ei Store ool Ghats Mcneela nate vaente te in eae 140,380 
Operating machines. . . Each. 3 700 00 ‘ 
361,880 
Channel— 
Excavation, rock, NES C. yds 342,048 3 00 1,026,200 
Excavation, rock, pe Arts Pas RS a 356,915 1 00 356,915 
Excavation, earth, ae Len pn SEO eR tan oe 1,165,090 0 35 407 ,800 
Bank lining.. Vins oA eaeteom Sh pees 23 , 500 2 00 47,000 
Range lights, marking piers, ‘ &e. MIS Re nee Need aan | og eneneg on OOS [Petes Sees setae 43,000 
1,880,915 
Damages— 
Rete riC bat eee elo tae oio rated See dae De he grnmtousie Co finale ardastewvnre 128 ,595 
Pe AAV OCRION 6 oo ooo ae wae psna ole Se ahaa fe gece cise a ws lee hale a aelnl es 2,000 
Rete LOGS, 8 orn ity eG a ccs Se nioaes wae bn Pets wala s/o abe s Pai e's seis) yew ate 10,000 
140,595 
3,860,823 
Contin eenicn  CHIINeSTINg (OCs ene roe Sas ook ea sas Ley oy ans oem wk babes arate ghee eta Mem, aance 386 , 082 
RAT ors AR Pie oI Ra re LTT ik ORL Parcel PER EIN RUIN, Ma eS 1 BE eGR 4,246,905 


For analysis and general features, refer to page 103 and estimate plan No. 4. 
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Public Works.Canada. 


GEORGIAN BAY SHIP CANAL 
_ ESTIMATE PLAN 
Pointe Fortune To HAWKESBURY 


Regulated Water Surface . Elevation 115.0 
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Surface Elevation 140, Surface below Lock, Elevation 115, Lift 25 feet. 


GEORGIAN BAY SHIP CANAL SURVEY 


SESSIONAL PAPER No. 19a 


OTTAWA REACH. 


Hawkesbury to Hull, Miles 60 to 121. 


Description. Quantity. Price. Cost. 
$ cts. $ 
Hawkesbury Lock— » 
xcavation, rock, dry..... C. yds 115,750 1 00 155 750 
PUROAV AION, COTE, TY. oo 5 ys trem vols ee ner a 9,430 0 35 3,300 
PER ROTI WGe ole odes Ohs 5 Feels meke OL le elm esr acege ole term eal Neate ne jolene we AS a 10,000 
Concrete, lock walls, &c..........-....... C. yds 62,200 7 50 466,500 
Entrance piers, cribwork ...............-. 6 49 ,629 SEO 173,700 
Entrance piers, concrete wall.............. f 8,000 7 50 60,000 
ntrance piers, rock fill (back of wall)..... — “ 48 ,000 0 50 24,000 
Wsoekce steps crater eeeereast ety skece cia t ees Tons 804 120 00 96,480 
Gate operating machines.............. _-+++ Hach 8 500 00 4,000 
Filling and emptying valves and machinery “ 4 3,960 00 15,840 
Gate and valve motors, alas batteries; lightens [pec cn meantime eelics 10,000 
Bolardssiadacrs, life Chains GcCs. cc cisn sas «oslo oierei| lio antics recalered's oreieisc steele 10,000 
Dam and Regulation— 
RIAN FOCI 1OORC.«.. oie os Ho ie ek bi pees a CL yds, 9,440 0 50 4,720 
Manrtearth face see coctes Ge nee ha cores aes oe 2,360 0 50 1,180 
Dany DOTTOW Pity TOCK ss... 5) fees kee oe ee 4,720 1 00 4,720 
sR Ue SING GN RL OCOD Se ere ea tes Rica, Sahn ted maly Oca sora Fah aT ice aorta Re PS Eke ow, a eles ole 193,726 
Operating machines.............--....-.-.- Each. 5 700 00 3,500 
Channel— 
Excavation, rock, wet....................C. yds. 703 , 553 3 00 2,110,659 
Wxca vation Tock. Cry..cs de. cece nets nce) 703,734 1 00 703,734 
Excavation, earth, wet............-.---.. 1,400,248 0 20 280 , 050 
Excavation, earth, dry..............-.... t 167,777 0 35 58 , 722 
Embankment, loose rock................. ¥ 308,100 0 50 154,050 
PMpankment weartien ecu te ets ene ek: 195,781 O 25 48 ,945 
OED WOLK rh ocr cee tate lsc st 60,929 3 50 213,250 
Concrete wallet src oc ce ee one oh es 7,400 7 50 55,500 
Rockmlliback Of wallSiisc.sc- ce cos oat es os 44,400 O 50 22,200 
PLOMOMIINUS MATING ICTS, OCOs 6 ac) ia Seas sais o's anor vg eon es Peis ka wists wR es 103,800 
Damages— 
PP ORG CIGD ire eo pce a aye oe eo petals & fe kids he Oa ead wt wane Smale Se 1,062,325 
a AMR OUIIPRTON ot eh ro ors rit sere an ct rine Sys (is atio vagy y Muh epee es Behe RA a ane 5,000 
Bee Aire eee erty oe ashes ey Ny pnd Wty 5s ot atatier ute udlanmies wie an an, act ake Sy gies 5,000 
AEM UTLEY @EALOTN § ois oc: 5 <0 ie A) meson ON Or oats, «Ucn ta Pal wanda eae Se RIa a eis ac einen Bee 25,000 
REEMA UM TIC BOD cool ssc ais sg etet ca SES PR hao WP es Re et Le a heels 123,212 
RRM INSE UIEET ERC ON pT goo san shal pon, aonb wl settee pS, Hin Sie opreeena URNS mol Gas dnote oa aein 1,000 
CORTIDREN CIOS, “CNG INCCTING SOCC seve ate sfoie cree erMcKe sa) | orate ake, cue es ede oteeetias aoe c rev eee ones DeLee ee ee 
hotaleies-'~s DH cWatebiarastens (andere onesie ge Seance erst Montel | aio tonch ce cersheuete air hetcee Mio ee a te te es Ie ee 


For analysis and general features, refer to page 104 and estimate plan No. 5. 
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989 ,570 


207 ,846 


3,750,910 


1,221,537 


6,169,863 
616,986 


6,786,849 
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Public Works. Canada. 


GEORGIAN BAY SHIP CANAL 
ESTIMATE PLAN 


Hawkessury To Hutt Lock N°! 


Elevation 140.0 
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GEORGIAN BAY SHIP CANAL SURVEY 


SESSIONAL PAPER No. 19a 


HULL REACH. 


Hull Lock No. 1 to Hull Lock No. 2, Miles 121 to 122. 


339 


Surface Elevation 168, Surface below Lock, Elevation 140, Lift 28 feet. 


Description. 
Hull Lock No. 1— 

Excavation, rock, dry. ... - E's cba Mente ies oineys C. yds. 
Excavations earth, Gry.s. cits. ote clerk y 
MPR ALOTING DiGi a8d a eres Goons a ee ce ater ee Bese 
Concrete, lock walls, etc..........-.--.+.. C. yds. 
Entrance piers, cribwork ................ S 
Entrance piers, concrete wall.........--.+. — “ 
MOCK Oates tte ci trcie re eevee ons eves Tons 
Gate operating machines................. Each. 


Filling and emptying valves and machinery. 
Gate and valve motors, storage batteries, lights. . | 
Bollards, ladders, life chains, etc................. 


Dam and Regulation— 
RILOUs1OD BIULCOB scare ood cain ti ake ose eee am fee Ya 
Operating machines........ 


Channel— 
Hxcavation, rock, €ry..5.605+.252 +00. C. yds. 
Excavation. earth, Gry. .u.. > «ces ie 2 on 
Goncrete walls cccketeus aveucke fone cde iebelle usr 


Damage— 
Mame sand PED US sss 5 ote Minas Gets vile eect ales Wea oe 
LOG EASE TES ss hai BD ee i a Peavey eee Ae eae 
VA WA Vc CIV.CLSlOMNc.tiea ieee ie eases asreeny alee 
Hieh wa vaciversiome. )adtiicr se. se acl eerie cla 
Re etre ONIULG OS. 5 sich os uanets 3 hy cae, sas be Py wale node te 
AIGU WAS DASOB cots le 6 a) ste cal = a olapa es, eww phere 


Quantity. 


218,476 
291,712 


Price. 


ee cr) 


ed 


365 , 892 
269 , 980 
36,000 


$ife es) 6,0 “6 0) 6! 6 ats 


Sim! ey») tame te, Je: (sy 6. wiv) |e) "0! ,e/he)-«) 1a vols, Jo: a" at -@ 


Cost. 


$ cts. 


218,476 


365 , 892 
94,493 
270,000 


500, 400 


Bie eee 0 eo) 68 6 a8 


sir ev wih alle ie) pec tetuel Ve 


Totals. 


$ cts 


929 ,691 


5,700 


730,385 


658 , 000 


2,323,776 


232,377 


2,556,153 


For analysis and general features refer to page 107 and estimate plan No. 6 
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Public Works. Canada. 


GEORGIAN BAY SHIP CANAL 
ESTIMATE PLAN 


Hutt Lock N@1 to Hutt Lock N° 2 
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GEORGIAN BAY SHIP CANAL SURVEY 


SESSIONAL PAPER No. 19a 


: AYLMER REACH. 


Hull to Chats Rapids, Miles 122 to 154. 


341 


Surface Elevation 195, Surface helo Lock, Elevation 168, Lift 27 feet. 


Description. 
Hull Lock No. 2— 
Excavation, rock, dry..... Eure Sierra C. yds. 
MIRA EOLID SAEs oie ev os acces oe Gal ose alate Scat Ee date mld mie Rome 
Concrete, lock walls, etc...........-22++65 ss 
Entrance piers, cribwork................- a 
Entrance piers, concrete wall.............. © 
Hemel GA LOR tris ovat Alene sas So wl a ola eis wi asco Tons. 
Gate operating machines................. Each, 
Filling and emptying valves and machinery. “ 
Gate and valve motors, storage batteries, lights..|............ 
iBollardssiadders, life chains, CtGy. sc.1-.- esnlsss, velo s eies|iers aes such esrateus 
Dam and Regulation— 
BEAGC 1OOSSS oc Mesiotoe wibeiee Sale ee C. yds. 
Dam earth, face..........- pda e) el eteriaya = = « 
Stop-log sluices and regulating culvert.........../............ 
Operating machines..... PR eawagt i puree eh a Each. 
Channel— - 
Excavation, rock: wets ges .soncc ws cies seks C. yds. 
PEXCAVALION) FOCI OLY s sic vlclsieie ost) ie (ele ¥ lene Os 
Excavation, earth, wet..........-2-+-e0e- ae 
Range lights, marking piers, etc............-.+.. 
Damages— 
A TIDE. aa we toronto rteis + ies we uialsieeslee 
WV ALCEISUDDIIGS eae ciersietele tl tele Sreyete siete ynier al reneyetinte = 
TORT UMOWCEB og fata anh ex: tera ene (olan eters iieie ois ma 
AAW, CEVETSION wile aise cs soles = ree eit os clay one) sate share 
TAR WAY CIVOTSIOM sss stasis sel = Seen ee wae eeie'a 4b 
PPO WE VAR oho ose cee ne oie) hina tera inion eras ele as aes de mae 
Gn PCTICIOS*OURINECETING, OLE.) o1 s)< oseic a1 sare Tas ilps shie lal tim tee [ie Se, a ee lade aay edie bed Soares elt 
DUT ED Ieee aaa Be Ha A NET hn Chtor se) GIGS OMe een om kc is ential ete ane (PE ae Pheer enna aru re Sarah a 


For analysis and general features refer to page 108 and estimate plan No. 7. 
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Totals, 


$ cts. 


673,740 


406,570 


2,938,800 


1,580,020 


5,599,130 
559,913 


6,159,043 
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Teptog Regulating Sluices Public Works Canada. 


GEORGIAN BAY SHIP CANAL 
ESTIMATE PLAN 


Hut Lock N22 to CHats Lock 
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GEORGIAN BAY SHIP CANAL SURVEY 343 
SESSIONAL PAPER No. 19a 
ARNPRIOR REACH. 
Chats Rapids to Chenaux Rapids, Miles 154 to 174. 
Surface Elevation 245, Surface below Lock, Elevation 195, Lift 50 feet. 
Description. Quantity. Price Cost. Totals. 
$ cts. $ cts. ®  16tBe 
Chats Lock— 
Excavation, rock, dry...... ..C. yds, 221,866 1 00 221,900 
UA ALOLIOD TEU cites oe ole ee Okelnle bac crete See th a Fine ee De OL eb mets in epesnings « 10,000 
Concrete, lock walls, etc.......-.-.-.---.-C. yds. 38,850 7 50 291,400 
Entrance piers, cribwork..............--- - 9,543 3 50 33,400 
Entrance piers, concrete wall............-. s 8,200 7 50 61,500 i 
Entrance piers, rock fill (back of wall)..... _ “ 49 , 200 0 50 24,600 
oGksaatesin steer rere ors eisPoer cus sie Tons. 1,130 129 00 135,600 
Gate operating machines...............-- Hach. 8 500 00 ,00 
Filling and emptying valves and machinery,“ 4 3,960 00 15,840 
Gate and valve motors, storage batteries, lights. .]............|.........--. 10,000 
Poterdenindders, life chains, 6tC... <-> sora Seas. Lae Wiev ss women sic vane cs wale 10,000 
818,240 
Dam and Regulation— 
DAM TOCIS1OOBC sc ccve sels eis Sie sore see ee fol s C. yds. 613,277 0 50 306,640 
Mawireartin 1aceec. earns evejeucwsrens! tenet risers i 185,954 0 50 92,980 
SIG IDE AUC GS cue: ote Bee eae ee rae [aioe eo mere als Me wiaiaie trate ne Om 76,000 
Operating machines........ ... Each. 3 700 00 2,100 
477,720 
Channel— 
Excavation, rock, wet....... ..C.-yds. 256, 260 3 00 768,800 
Excavation, rock, dry...... E eaiicy: 562,904 1 00 562,904 
Excavation earth, wet............-.02+0005 ‘“ 24,861 0 35 8,700 
Embankment, loose rock under cribwork..... Me 39,397 0 50 19,700 
Range lights, marking piers, etc........-..- SE Oe ave Coptn eek AKA ease tele eae Con 61,300 
1,421,404 
Damages— 
Madan iP Ote hen koto gee aire als wal alr oe be hiss x dary Smee [opt ae wae eae 28,335 ; 
28,335 
2,745,699 
Contingencies, engincering, etC..-.- 6... ce ves cee eee [sce secs [eee ale wee wee beeen see nie 274,569 
RISER T Se Cae tae Geet a Sete | aR San Bie oS eEe LIDS Sole Arce RE Re mere 3,020, 268 


—— 


For analysis and general features refer to page 111 and estimate plan No. 8. 
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Public Works.Canada. 


GEORGIAN BAY SHIP CANAL 
ESTIMATE PLAN 


Cuats Lock To CHENAUX 


FIT ZROY HARBOUR 


Regulated Water Surface, Elevation 245.0 


Tested to Elevation | 


GEORGIAN BAY SHIP CANAL SURVEY 345 
SESSIONAL PAPER No. 19a 


PORTAGE DU FORT REACH. 


Chenaux Rapids to Rocher Fendu, Miles 174 to 187. 
Surface Elevation 280, Surface below Lock, Elevation 245, Lift 35 feet. 


Description. Quantity. Price. Cost. Totals. 
$ cts. $ cts. $ cts. 
Chenaux Lock— 
SUROAN A UO, TOCK, QI oo 06:0 62 6 00s amass oer « Cy YS. 174,055 1 00 174,100 
RG ee MUON Da EaLe cote c fea Cie aie Sa eletela arate seats Aas Gdee Wen s ery ee Steele Pate he aoe 10,000 
Concrete, lock walls, etc..................C, yds. 37,900 7 50 284 , 250 
Entrance piers, cribwork................. sf 60,791 3 50 212,770 
Entrance piers, concrete wall.............. 7,000 7 50 52,500 
Hntrance:piers, Tock filly. sec: sec oes es 78, 260 0 50 39,130 
Lock. gates.......... fey AR oa eee eee Tons. 890 120 00 106,800 
Gate operating machines............ egies Each. 8 500 00 4,000 
Filling and emptying valvesand machinery. “ 4 3,960 00 | ~° 15,840 
Gate and valve motors, storage batteries, lights..|/............]............ 10,000 
Bollardes ladders, lle, chains Glo sites these e cael ion ee er ee eee ete te ee 10,000 
—________ 919,390 
Dam and Regulation— - 
WAMU POCKMOOBE Ss .8 tie t. te ol gare mic teaelo elec C. yds. 553 , 586 0 50 276,793 
MamMearths 126s. soe ae a is a 138,396 0 50 69,198 
‘Damien bOrro wa pltsvockues acne ciel one eee 125,000 1 00 125,000 
SLOM=LOM SLU COS iN tare eters ara ene toler he chee ete aha ae akeric all woman tare lw seco trea 123,100 
Operating MaAChines...s cesesrc 0. sos eee « Mach, 3 700 00 2,100 
Se 596,191 
Channel— 
Excavation, rock, dry......:.¢--.--......€. yds. B04 745 1 00 336,251 
Pane, ents Marking Hiers, C6C; acc. «ovis ce ee bbe re aie San See ha bs oe See 47,650 
SSS 383,901 
Damages— 
AN AN Geri NUS seer. recor see oe ere ee lameyall he te eae era leer ee Lr dara 3 52,805 ! 
Water power..... een re nao Pane aitge toesheterttereil mia" zat tras ee Ee ga 10,000 
PghWaAy, civersion and Taisine DTidge. 2. . ..0 Sse ke eaten es Oe Pb wee scsi 5,000 
BELG SIN wy Aye ET CLD One rere eee ene een ears aah nee Har cea SaeeaeE Lote or et EN ea 65,000 
132,805 
; see 2,032,287 
OR EOClOS,, OT NMOL ING HOU oicicy soe sai) Shaatne esse seo et eabe hatrareig te MS end nda lye She Wen, 203 , 229 
PE GUST cers oes srovic obemsieee ence ca tanner (arctic seme ee ne Ae ee ne gD al Cosh NER a Ne ae 2,235,516 


Sn WMT ia ny = Seeley Saal ke EET OT NSE BEE TT, 
For analysis and general features refer to page 112 and estimate plan No. 9. 


Public Works.Canada. 
GEORGIAN BAY SHIP CANAL 
ESTIMATE PLAN 
Cuenaux To Rocuer Fenou Lock N29! 


Regulating S\urces 


PORTAGE-DU FORT 


cs S80 


Bottom of Channel_ £|.259.0 


Low Water Surface, El.240.0 


Teoted to £1. 217. (W.8) 


Ts 


Tae Mr 


. 
ee ee ee 


& 
a 
= 


. 
oa 
4 


‘ 5 
' bd = 
‘ 
: ' 
f t 
i 
4 
, -—~. 4 
| . A Lae 
ae - iy >< <@ 
A & a 
, J > _ 
; } 
oe 
> — 
' ae 7 - 
+ &~ ‘ 
‘ 
- F. « 


t 
. | a 
eae - ! 
U 
7 -~ af V ons 
f : A 
a rs a i 
¢ ' be 
: ag . 
; i ’ 
‘ : < 
i. ? ‘ . - A 
var de => é t) =t . - : 
; . ; : - 
L#e a - : 


ane 
, 


2 (hy Sage pe : 
a aio 
- 


u 7 . ; che B. ¢ “on 
J ; . : =o « =5 5 
ea alt ¥ 
" a. Pid hs % 
; : ‘ ‘ “ie 
dof ” ES P 
, } * a = » 
se) ove et 2 re . yr 
P - ‘a Ae : My aye ‘ 
6 ¢ f Pe * , 
ate firs . ? 4 
: : ” 
" 4 as 
: , 
' , oo fe 
7 ee" f 
4) ~" pe Le jeetn et ~ > = : ‘ ei ~ vs a 4 
. 
z 'y aa 
x a . : » 7 an 
. a ’ air * e u a ee " 
Te a os . 
* ‘ ae ° . . ‘ 7 A 1y 7 
3 aa fh ae ale stad A Ce Ye ' rn) ‘ ins 7 } a> : P 
1 5 - ' t fi Tr 
Gf iis AE eel 4 is Co ¢ » aon aS he 
d ; ars ies ay ee ee 
* hd nae Sa it ar ne ipa ia Re ees ine, 
, & oT nw 5 eee pi aly” oinv a j “3 
AA Fares ad GPP SY we ni? bel) om, a 7 y os 
) a te ie “ : Ot ta aont 


SESSIONAL PAPER No. 


GEORGIAN BAY SHIP CANAL SURVEY 


19a 


ROCHER FENDU REACH. 


Rocher Fendu Lock 1 to Lock 2, Miles 187 to 190. 


Surface Elevation 315, Surface below Lock, Elevation 280, Lift 35 feet. 


Description. Quantity. Price. 
$ cts 

Rocher Fendu Lock No. 1— 

Excavation, rock, dry.. C. yds 81,231 1 00 

Unwatering pit.. a dle On te ae FOLENS eoren seein NN 

Concrete, loc walls, "ete.. C. yds 67,337 7 50 

Entrance piers, cribwork<....-.-----.---+ : 56,772 3 50 

Entrance piers, concrete wall.............. e 7,600 7 50 

Entrance piers, rock fill.................. a 146,400 0 50 

Lock gates.. SEP ONS umn Tons. 890 120 00 

Gate operating ACRINGE here hae Hach. 8 500 00 

Filling and emptying valves and machinery. * 4 3,960 00 

Gate and valve motors, storage batteries, lights...|........-..-]e.---ee+-eee- 

Bollards, ladders, life chains, Ct anne cmieah ape RE rah SD ke enchcrnon cues Manette meoceee Tee 
Dam and Regulation— 

WD AIMETOC KA OOSO cuss ool ae el sinks marco ts C. yds. 258 , 734 0 50 

WMamreaTohe taCGcss sear cerns es See . 64,683 0 50 

Dam borrow, pit.rOek.,. 3) ote dees ois eee 133,000 1 00 

Stop-log sluices. . Eis BE Tae hy ee ree rte Ra tere Re 

Operating machines. . Each. 2 700 00 
Channel— 

Excavation, rock, dry.. C. yds 38 , 943 1 00 


Range lights, marking piers, Ran a GeO "IEE oglu Rapes Sh is) FERS PR RIE 


Damages— 
ane and richts. sv... sci. 


Asin Jal elke is \\p elie! XSvis) eva Ji 's\ iegie i6), e Nieel(el.|| eee ie leis arerte; e's uh. silk SS (6) 10), BAe ne )'0, 16! o).6 


elieve:'eiej ie wo. enfej'n) fale’ se. (o/s, eee Leite |p ie «| (se eile: (ace ree a) sites. 6/6) 18% > iv) 9 (9) fee le 


38 , 943 
10,500 


8,220 


347 


Totals. 


$ cts. 


1,071,799 


352,380 


49,443 


8,220 


1,481,842 


148,184 


1,630,026 


For analysis and general features refer to page 113 and estimate plan No. 10 
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COULONGE LAKE REACH. 


Rocher Fendu Lock 2 to Paquette Rapids, Miles 190 to 209. 


349 


Surface Elevation 350, Surface below Lock, Elevation 315, Lift 35 feet. 


Description. Quantity. Price 
Rocher Fendu Lock No, 2— $ cts 
Bxcavation, rock, dry...........---.-+..-C. yds. 137,852 1 00 
GORE OCI Conse ic tek ares alc ida antlers cy stoi eae y otter aia) Sar eras Thain eee a 
Concrete, lock walls, &c.............--.-- “ 41,743 7 50 
Entrance piers, cribwork....... Be esetiaie) setae’ . 93,114 3 50 
Entrance piers, concrete wall.............. 7,600 7 50 
Entrance piers, rock fill................... ‘ 123, 600 0 50 
Ter oVed eTegEy PCL ial Bees RN cg eee ee eR Tons. 890 120 00 
Gate operating machines............. “..+ Bach 8 500 00 
Filling and emptying valves and machinery...... 4 3,960 00 
Gate and valve motors, pak, Se batteriesstlightsi | wc ra cen ore nionsin Rice 
Boularas lAdders; Lilie CHAING»0CCs.cice see's cost erccus els ws let ese wigtt Fe eis | Sco" ats ayeie wires 
Dam and Regulation— 
DREN TOCK Hl OOSC 5c caices clone Gaebasnte oie she indents aes C. yds. 489 ,504 0 50 
Daimrearth >: LACC <siocicic ce reiiere es Seas ¢ 122,326 0 50 
Stern DOROW, DIL. TOOK. 6.5.65 0 cis os as vs see 8 e 142,100 1 00 
PEI LOTIOOD eh ome aie fe rien coats cd nh Aac es oats elena a eh eaN Oe ae eoacate 
Operating machines...... ........... eee bach: 5 700 00 
Channel— 
Excavation, rock, wet.........-.-220ee00: C. yds. 273 , 294 3 00 
Excavation, rock, dry.......620sse+sseuee a 792,485 1 00 
Excavation, earth, wet..........-+-....-- G 2,686,190 20 and 35 
Beare Mien le Marking DIOTS, OC. che tiie ne = te seolie b Gaps a aoe eo feed alsid Waletw 
Damages— 
A TY CHET CET NEPIVUS secect ote ice etetet ctor ois coco tetettsices ae rat evekclohe | sere Pain mars [lo Srercesiey eters 
Wontinvencich Sengin CCEIN Lh Creteiets ene hecirevel eres week el estore eos ee eee Teodeotatetec Seal stall aeneue isk akewcbers ee 
Hota eemeestciaracshe ct ior eatstsce eicteeay ore an crereiake taht oie s a kairou meee 


Ce i ec 


For analysis and general features refer to page 114 and estimate plan No. 11. 


Cost. 


$ 


137,852 
10,000 


819,882 
792,485 
642,383 

40,150 


4,730 


Totals. 


1,052,265 


588 , 524 


2,294,900 


4,730 


3,940,419 
394,042 


4,334,461 
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PEMBROKE REACH. 


Paquette Rapids to Des Joachims, Miles 209 to 265. 


Surface Elevation 370, Surface below Lock, Elevation 350, Lift 20 feet. 


a 


Description. Quantity. 
Paquette Lock— 
Excavation, rock, dry......-.---+-.+::++-C, yds. 282,531 
fexoa vation, carth, -dry...s.- sos 2 aeees 175,848 
Wie UOPLINE DIGE fice 5 vite vik itlegers ci eee hoe «aoe we] wane a Slee 
Concrete, lock walls, &c.......-.-+++eeeee C. yds 41,528 
Entrance piers, cribwork..........-..+-+-- s 41,543 
Entrance piers, concrete wall.............. 9,200 
Entrance piers, rock fill (back of wall)....  “ 55,200 
MGC CARER ern oro ce aihile Varese cic tie ee ole Tons 695 
Gate operating machines............--+++: Each 8 
Filling and emptying valvesand machinery.  “ 4 
Gate and valve motors, storage batteries, lights..|........---- 
Bollards, ladders, life chains, &C.......--- 20s eee fee eee eeeeee 
Dam and Regulation— 
Wa meprock: 1 lOOse sec cer) sak ci uenaielcls ta eiar ers. C. yds 254,137 
MAmarearth fA COs. snes cts «scl so egis e it eiecesers or 63,534 
Stop-log sluices.........---- Be i Svea eae ke a 
Operating machines........- Each 3 
Channel— 
Excavation, rock, wet........- ..C. yds 1,293,555 
Mecem vation, TOCK) Wt. c<ccealsaserteee ces 237 ,000 
Excavation, rock, dry......----+-+++++errs ee) 127 , 236 
Tixeavation,.carth, wet.c...-..e2.behe eee 8 133 , 333 
Excavation, earth, dry.........-++-+-++--- ie 209 , 696 
Range lights, marking piers, &c......-.---- ++ eee feces reece 
Damages— 
Maid ands Fights. |. joes. icins vie sae cele ew steels See foe eee keg a: 
Contingencies, engineering, &c.......-- secre e eee eee fener e teens 
ORBEA dm cccuel BS nS ib Gla Cee Grol Dine chee ichio Tir Oras olnercec eo et 


Price. Cost. Totals. 
$ cts, $ $ 
1 00 282,531 
0 35 61,547 
Gar RR Minne 10,000 
7 50 311,460 
3 50 145,400 
7 50 69 ,000 
0 50 27,600 
120 00 83,400 
500 00 4,000 
3,960 00 15,840 
SOT NMR 2 ei sie, ye 10,000 
Me Vap See ere tr 10,000 
1,030,778 
0 50 127 ,069 
0 25 15,883 
Rea ete 64,497 
700 00 2,100 
— — 209 ,549 
1 50 1,940,332 
3 00 711,000 
1 00 127 , 236 
0 35 46,667 
0 35 73,393 
SAAN ce SN 85,850 
2,984,478 
Bea. ay ocala 175,285 
a 175, 285 
4,400,090 
FMA RRR AU | ene un tee te 440,009 
RR tea Te ed INLD Lom Re Peet RS 4,840,099 


For analysis and general features refer to page 115 and estimate plan No. 12. 
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DES JOACHIMS REACH. 


Des Joachims to Rocher Captaine, Miles 265-4 to 283-6. 


353 


Surface Elevation 410, Surface below Lock, Elevation 370, Lift 40 feet. 


Description. 


Des Joachims Lock— 
Excavation, rock, dry.. ...-.:.s<5. 
WOMETE CE Ee. Gee eb ake ls Res 


Equipment— 
Hl ectricuiohGieet crm Cerra eo elle emilee dio acalas 
Motonstancuba tLOLVne aetisier so cimco chert eles scale « 
AV Fedlavie S erie ea PEM a rcs ists nine iis, Seine tavohat ns wre. ape 
Machinery (for gates) 8 machines.........-.--+--- 
Lockgeates iin tier wae cere Ae akc cas sat eae 


A pproaches— 


Cribwork (entrance pier)............----- C. yds. 


Mooring posts and ladders....... Teac Urata Suelete ts)» 
Loose rock beneath and rear of crib........ 


Dams and Regulation— ‘ 
' Embankment, loose rock south of lock, Ferris Bay, 
and Tegulationmeaaeiascs ro seit S she sehen 
Embankment, earth.......-.. 62.65 6s05: 
Sluieces (UsMStopalOseslUlees rvs acc scnere cus sfers ae oo 
Operating machinery (2 at $700)..............-. 


Channel— j 
Excavation, canal prism, TOCK OLY oe rae C. yds. 
Excavation, canal prism, rock, wet.......- “ 


Lighting— 

Lights and marks (from Des Joachims to 
Herriseeoinb) ace ee ooo Sas he Se es hanece: = 

Light-houses (from Ferris Point to Rocher 
Capitaine) 

Guide cribs (from Ferris Point to Rocher 
GCapitaine)c sop eee eons oo iowa. 

Guldescribs. withullghtseenis ceo. 49 an ‘: 


Damages— 


HloodedwpropentVsss aoe mee 5 Ls ocean 
Highway bridge at lock, Bascule, 75 feet. . ...... 


Contingencies engineering; WC.42 52.5 5k sens oe 


TDA ESI et Stoke 4 cee en Chene meena a roneeey erale 


Quantity. 


68 , 889 


© (a eos) (ote is SeMwlisivs) ied) bel ver in\ et « (als is) 2 


eS 


1,930,000 


123 , 409 


166, 586 
273 , 663 


, else! cevie ie &' 1, -m) rere e 


ee) 


Ore 
nr 
j=) 


*) ele) 8.9 je #) 16: 6 8) s) fe 


Sey 0) fet it) b) eke 6: oi8i 7s 


Cost. 


228 , 220 
516,668 
10,000 


29,840 
115,800 


431,932 


166, 586 
957 ,820 


19,000 

9,871 
33,034 
12,054 


10,200 
10,000 


ee WARM) oC ete Gs 


eet ss, 10) eerie), a) © tas 


Totals. 


1,419,123 


87,895 


1,198,365 


20, 200 


2,725, 583 


272,558 
2,998,141 


For analysis and general features refer to page 117, and estimate plan No. 13. 
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354 DEPARTMENT OF PUBLIC WORKS 
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ROCHER CAPTAINE REACH. 


Rocher Captaine to Deux Riviéres, Miles 283.6 to 296.8. 


Surface Elevation 470, Surface below Lock, Elevation 410, Lift 60 feet, 2 Locks 
30 feet each. 


Description. Quantity. Price. Cost. _ Totals. 
$ cts. $ $ 
Recher Capitaine Locks— 
FEXGA Va WlOnyTOCKs GEV eccieiue  cie ts ere eis aye C. yds. 282 ,435 1 10 310,678 
Excavation, earth, dry..........-+--++--- e 52,698 0 30 15,809 
Concrete, lock walls EE PRR Gr URNA ewe So Births s 141,304 7 50 1,059,780 
Concrete, core wall, back fill.............. % 957 7 50 7,177 
Granite Masonry aire ck eeu emarehel hotone) ent : 306 50 00 15,300 
| 
Equipment— 
BOW Or PLA Woh: ok os aie niles he nosey Oe cman a one LN EG mekrnad cys teite, see 7,500 00 
Electric power equipment IN eae ayid 1EoE: wh URES RT Te eee eee honeTer eLatenanrmnyenlc 9,000 00 
Piccurie Lieht equipmment,.c so ges cio ciate ts oie wae otenneenes 2,500 00 
Bailing outfit...... 22-6660. c cece ee eee e eee tee lee e ence ees 2,000 00 
Machinery and Val Ves. oe. dae cio pretties ttcce Goeue nl eeatiame tara 25,000 00 46,000 
PEO ACER 2s sas «...5:- 2 encom momo erases Lbs. 2,894,380 0 06 173 , 663 
Approaches and Fli— : 
ETL COT IK 5s rae ae oe nets C. yds. 67,581 3 00 202,743 
Back fill (behind lockwalls and cribwork) 
OCK eres U MS oko SGae Ra Cre RoI 384,801 0 50 192,400 : 
Fill under cribwork, rock................. s 2,022 0 50 1,011 
Embankment— 
POAT thy cell doctors war oreee orate al rele forats ol omen eerene oe ica 53,648 0 05 2,682 
Pe PVE ED as ev atop sateee oe sawtintyen lon pgs arama Shee 1,185 1 00 1,185 
4 Sa |) PRUE ed 
Dam and Regulation— 
Main channel— 
Concrete dam and key-wall........... “ 15,114 «¢ 50 113,355 
Concrete gate flooring................ . 5,044 7 50 37 ,830 
Excavation, rock, dry... .. 66. a6 «ee ee 12,121 110 13,333 
Marthvand Lock fills. oc eset. ore eras ene 3 78 , 685 0 50 39,343 
arth alltese tte tere er hee eecelierey pers y 17,508 0 15 2,626 
Timber Mattress.y Gee cleles< ievere' s corse Nene = 24,880 1 35 33, 588 
SiStoney 2 watess iy venue selec mie arerons Lin ft. 320 542 66 173, 651 
South channel— 
HWarth and sO Kaitil,seeye/-easteetes eter scree C. yds. 47,648 1 00 47,648 
[arr Ghia eae ee era oo. tetera « * 8,831 0 40 3,532 
Mim ber mattresses oe cicivieve woe cutetoie ane S 22° 576 LESS 30,477 
495,383 
Channel— 
Excavation, canal prism, rock, wet........ 14,507 3 50 50,775 
Excavation, canal prism, earth, wets rouse: Be 7,713 NZS 1,928 
Excavation, canal prism, rock, ‘dry Ae Fame titers es 935 , 387 110 1,028 ,926 
Excavation, canal prism, earth, GUYS Sen eee ee 1,019,192 0 30 305, 757 
Lighting— 
Lighthouses. ..... Pig eica cr reer ee No. Dit ade iee oreOeee ce ape 3,750 
Guide cribs)-with lights. (3 .s.c sci s ae oe ss SO atic ake ce 2,953 
1,394,089 
3,917,900 
Contingencies “engineering: ot. acr a set aensiets raters ions aailliS ehanetchicuaie een eee eet earn atts ee 391,790 
dl U0) 2: 1 prea pate satiety Nore ORS eee ere AID Ag wr TWAS tm |lmacn CRCMARNS me eld Gc & Gia's Oe 4,309,690 


For analysis and general features refer to page 127 and estimate plan No. 13. 
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DEUX RIVIERES REACH. 


Deux Riviéres to Mattawa, Miles 296.3 to 318.0. 


Surface Elevation 500, Surface below Lock, Elevation 470, Lift 30 feet. 


Description. Quantity. Price. Cost. Totals. 
| 
$ cts. $ gd 
Deux Riviéres Lock— 
iceavations LOCK Vary cicts scares tee a C. yds. 96 , 307 1 10 105,938 
Excavation, earth, dry.....-----++-++ee0. - 4,250 0 30 ; 
Ginette eta ae Dane Sate Se ea ne ike Z 56,468 7 50 423,510 
Grane MAsOnVyos dene 2 close ours £ 198 50 00 9,900 
Hquipment— 
CRW ola niva ere rok peek eas hs ene ewe saa eg dene ge 7,500 00 
Electric power equipment.......-.-- ee ee ee eee fee e eee ee eee 5,000 00 
Electric light equipment..... 55.26. 5e eee rece cee fern wees Seton 2,000 00 
AiR rpeOMG EG oe sss piers ajc eceesial ae wcsioatage wneels ASI a re iy enorninrs & 2,000 00 
MACHINELY ANU VALVES ccc» 0 ni te ee mes Biss ole ol eieyeife deli wa ores one 11,000 00 27,500 
Bot bye a es ee at pt ul ee ele aie on See awe Lbs. 1,726,860 0 06 103,612 
Approaches and Fill— 
(OST ard <-hpero Sees Coc eet ol oe sare Neem ICS reer C. yds. 80, 634 3 00 241 ,902 
Rock fill under cribwork............--++:- ss 14,774 0 50 7,387 
Back fill (behind lock walls and cribwork) 
TO CE nr et rinalnnm bos tapee etereuere oH pote 43 , 843 0 50 21,922 
Embankments— 
Excavation; earth, dry.c ss. p0% bee ce coe eee a 10,639 0 30 3,192 
TOR AAA Til basemen ey Rak Bac as eet pene Moecrer rae ed 172,024 0 05 8,601 
Chay DUG adr o eieke siiele  Wnne roe slg 5; 8,000 0 60 4,800 
TRA TASS aera aie cre cues oe nie atin «cate e 5,519 1 00 5,519 
965 , 058 
Dams and Regulation— 
Main channel— 
Concrete dam and wall......--.-----.  “ 4,196 7 50 31,470 
Concrete gate flooring......-.--++-+++-+ % 7,944 7 50 59,580 
Hxcavation ,earth, drVe. eo. 92 acu os 7,024 0 40 2,809 
Rocksa nddearonstlle claniesceteneestilone tee e 250,557 0 50 125,279 
TEWAGG FO 1 | lect ePe embrace ec Ceara ‘ 55,702 0 15 8,355 
Tigaeer WA tess. winnie hes = ste ye een 37 , 127 1 35 50,121 
Hie Stoney, 2 Pates.e-ccaee nis = ehewels ole Lin. ft 200 760 24 152,048 
Small dam— 
GGOnGre te ero roti icra ot creeps Lov epemece C. yds. 2,982 7 BY 22,365 
Excavation, earth, dry..s...-5s6..00:  ™ 1,401 0 30 420 
——— 452 , 447 
Channel— 
Excavation, canal prism, rock, wet........ “ 83,412 3 50 291,942 
Excavation, canal prism, rock, dry........ e 313,800 1 10 , 345,180 
“Excavation, canal prism, earth, wet........ iy 15,887 O 25 3,972 
Excavation, canal prism, earth, dry........  “ 639 , 385 0 30 191,815 
Lighting— 
Meh th OUses ey ee oie circ meer hae No. DE Ser Pipes okra» 11,074 
Guidescrilbs siereorrenn cestiriers crstorsrge ie renee iy ES parte igavak ices 21,060 
Guide cribs with light... «.....-.-.----++: ms ial eae ees epee 5,476 
See eee 870,516 
Damages— ee 
Flooded property at Deux Riviéres.........-----Jeee sere eee ee fee eee ees 10,000 
Relocating C.P.R. track, 6:5 miles.......------++[eseeese scene 25 000 162,500 
Rip-rap along C.P.R..... 6. eee eee C. yds. 600 1 50 900 
Damages to land and buildings at Klock........-|.....--.5 2s ]ee esses eee 9,000 
SS 182,400 
2,470,421 
Contingencies, engineering, &C..... 6. eee eee eee cele cee e eee fe reece nce eee lerse eee nnces 247 , 042 
Sta LAR es oO Oe Oh ete meah hago pens eatin eae Blas ka REO: eke RIE inte aaa apRa ea ete 2 Td 2400 


For analysis and general features refer to page 129 and estimate plan No. 14. 
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GEORGIAN BAY SHIP CANAL 
ESTIMATE PLAN 
Deux RivicRes To MATTAWA 
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GEORGIAN BAY SHIP CANAL SURVEY 357 


SESSIONAL PAPER No. 19a 


MATTAWA REACH. 


Mattawa to Plain Chant, Miles 318-0 to 320-8. 
Surface Elevation 510, Surface below Lock, Elevation 500, Lift 10 feet. 


Description. Quantity. Price. Cost Totals. 
$ cts. $ $ 
Mattawa Lock— 
EIXGaVvatlonTOCk, (dTYccuen ues «cs tie ce ee C. yds. 12,584 i ik 13,842 
Pcavation, arth? ATY,. cc ces os on ss ce gine ‘ 177 , 458 0 30 53 , 237 
ROMEO I OCS rents 52.85 dmny sate sels) Byaleiaves ii 59, 886 7 ISO 449,145 
RA TICE BOOBOMO YE see x 05 Sx sneer sie Sinleda lw a = 169 50 00 | : 
Equipment deina Chinery sent se. aa iene reenact tenet eee ences [emanate cael a usb 27,500 | 
HBO CKnara LOS Meet tis poe aia aioe ae aetna lentes Lbs. 1,315,780 0 06 18,947 | 
Approaches nd Fill— | 
DUS Org 0,4 GAA ne great cae era C. yds. 78,386 3 00 235,158 
PIN COTSCYROWOLK (tele oe ae sy vr se wer ceo 485 0 50 243 
Fill behind lockwall and cribwork......... 15,670 0 50 7,835 
————— 874, 357 
Mattawa Dam and Embankment W eir— 
WONCTELE MUITSUICIASS sh cis © Oi itteee ccs) sin ae C. yds. 15,050 7 50 112,875 
PKCD Vial VLOME LOCK Alte arco ie rin ieaeieks /velte seP ars a 16,000 1 10 17,600 
Excavation, eemented material, dry....... < 8,000 | 100 8,000 
EECA AEIOM CAT th edhe. cis etous cols +6, 6) polls sh arent & 4,000 0 40 1,600 
DUP ECTRELUCEUTO Ue eiier os ox lae aatsiet eve es ssp nets Lin. ft. 950 28 00 26, 600 
HEirityy eu be UI On arenes oui vr snc MARY aay wre etisde: Rr'ceaP iL a Stns leila eicattanncey 9) oan ellltol sis teassie ismbavaue « 4,646 
—_—— 1414328 
Channel— 
Excavation, canal prism, earth, wet....... C. yds. 306,538 O 25 76,634 
Excavation, canal prism, earth, dry........  “ 760,660 0 30 228 ,198 
Lighting— | 
GuULGexeri bse ne ee ki kel sie hide tees No. Ie A eer Sa Sea Cntcka 16,255 
321,087 
Damages— 
Damages about Mattawa town, land and 
PyAse Nera Bae eee ae crea eae at oe tet Pee eres op se Ge eeheree 4aa ey ut one) on taneatrerge es W rare Pars 77,810 
Bridges— 
rah i atiawa (single rolling lilt). . 24.6 sins os ve « fons note eek Pep mores ae wale a 50,950 } 
iRembroke high road at Mattawa (rollimglifi t)i5 ca eils onstolr= elnino 'ol|(orerereiens wewsste es 10,000 
138, 760 
1,505,525 
BRIE CICSRENGINCETING, OUCe. 20) ask «else bios: sim lowniie Lo afel om gues eae a aewin eteie glare Hl Sy ape eale eae ous 150, 552 
TRH lectus ae eee Recut Red on Ne hoe CoP ccs Deena Ie toumenenencies Seen ton RaMSTAIC RU nS trail UMRO Se NVmeORien taa I 1,.656 , O77 


For analysis and general features refer to page 131 and estimate plan No. 15, 


PLAIN CHANT REACH. 


DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., A. 1909 


Plain Chant to Les Epines, Miles 320-8 to 326°5. 


Surface Elevation 540, Surface below lock, Elevation 510, Lift 30 feet. 


Description. Quantity. 

Plain Chant Lock— 

Excavation, rock, dry...... ; C. yds 73,839 

CORCEE LEHR Pir a ome one are eee en 63,881 

Granite Masonry; neal akc oa ereecess “ 198 

Equipment and CRY. BA SS SO met ER. dhs Cnr MPR RAS eRe SALI 8 Ue 

Leok gates.. se Paget Lbs 1,726,860 
Approaches and Fill— 

GRID Worse ies cet ao ete ne C. yds 78, 886 

Hillsuinderccriworks joe ec eine cera ee 6,861 

Fill behind lock walls and cribwork... S 228, "949 
Dam (Plain Chant dam)— 

Conerete; first classes. . 2-52] oo eee C. yds 14, 238 

Concrete, second class...... pad i 20,811 

HOXGA Ve lOmmTOCKGIGL Yi. ce ernie caster emits I 5,780 

DUPCESLMUCHUTE Se hha seen hatene retraite Lin. ft 1,383 

UU TWaterin echt. Achat eter ee ra eee ca aE RE Gs | ee teak Pear in ntciey: ene me 
Channel— 

Canaliprisms TOCck,cdrys eee oe ce C. yds 74,810 

Canali prism, roek,wet....5.2-.-..+.-- . 8,718 

Canal prism, earth, wet.............. 4 40,992 
Lighting— 

Tate h to uses ieee tes ucctate ial anee terete ceca chal wai ad tater erie 3 

Ranvenightes) cae s semeo de nenenece Pair. 1 

Giltd G8CEID SAE FAL eee ees Be es Ohta nee 3 
WontINGENClEsWEN PIN CETIN Gs | CEOs 7s Ss sree Howie: ew Sis ares heel nd eco oases ne ee eee ee TN oe a 


Price. Cost. Totals. 
$- cts. $ $ 
1 10 81,223 
re 0: 479,107 
50 00 : 
Pat ey ert he 27,500 
0 06 103,612 
3 00 236,658 
0 50 ’ 
O 50 | 114,475 
a 1,055 , S06 
7 50 106,785 
4 50 93 , 649 
1 10 6,358 
28 00 38 , 724 
20 , 392 
: 265 , 908 
1 AN) 82,291 
3 50 30,513 
O 25 10, 248 
Reh eeiet 2200 
See cakaeenieeee 1,500 
aR ie BW odin eS 4,976 
131,778 
1,453,592 
145,359 
1,598,951 


For analysis and general features refer to page 133 and estimate plan No. 15. 


GEORGIAN BAY SHIP CANAL SURVEY 


SESSIONAL PAPER No. 19a 


LES EPINES REACH. 


Les Epines to Lower Paresseux, Miles 826-5 to 331°5. 


399 


Surface Elevation 557, Surface below lock, Elevation 540, Lift 17 feet. 


Description. Quantity. 
Les Epines Lock— 
Excavation, rock, dry......--+-+-+-> C. yds 12,714 
Excavation, earth, dry.....-----+++-+++e> . 293 , 167 
CONOR ooh oso o Ocoee Guiana are Oo. ei 61,775 
Granite IASONLY../0 5 so -ie e/elerens eee esl etel's ‘< 177 
Equipment and machinery (power, &.)...-------|e+seeese ress lee reese nee 
Rockipates iad oa eat ne es a LDS, 1,442,580 
Apprceaches and Fill— 
Orb worl eine ie 6 ore Suey ere eas! Sic C. yds. 108,029 
Fill under cribwork.........+--+-++++00+> & 36,893 
Fill behind lock wall and cribwork.........- ti 9,683 
Dam— 
Les Epines dam— 
@onecrote, first class. cick acces oss oe C. yds, 4,311 
Concrete, second class........--+:+--.  “ 6,068 
Pir cavation, TOCK Ory.c ia. e- see e eS 1,712 
Superstructure. 0... 66 8 see ee Lin. ft. 485 
May WR COLIN it se ea re rec <i soc, Bee Maa ee aay ee poet ee mie 
Channel— 
Excavation, canal prism, rock, dry.....-.. C. yds. 146,122 
Excavation, canal prism, earth, dry........ Me 221 , 552 
Lighting— 
agchthouseseiaase cee ye elses EE ie eens 2 
GIG GROTADS eer reek ys oes oe ee oei da ateaers 10 
Guide cribs with lights. ..........-2e+s+es-eeee> 8 
PA TACOTING eee Me sree eee Rae, ops else ota ed A epekets 2 
EGontingencies, engineering, KC... -. <0. coal d ee con [necieee coe ce |t cere ns sti elem ee RS ea soles 
Ech ca ee ao oinicd no are Pe euaiane spaces. tarin'| spas bag vbraat pon pha Nnice hod ining oes etn 


ose reereoeeoeree 


oe eee re eeere 


2) ie 67,605) 16) +6 el 6i'6 70: Le 


i 


Oye, 6 69) 9 0,6) van 2 8 


For analysis and general features refer to page 134 and estimate plan No. 15. 


Cost. 


324 , 087 
18,447 
4,842 


32,332 
27,306 


1,883 | 


13,580 
16,248 


160,734 
66 , 465 


3,769 
11,550 
10,045 

500 


Totals. 


1,035 , 523 


91,349 


253 , 063 


1,379,940 


- 137,994 


1,517 ,934 


360 DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., 


LOWER PARESSEUX REACH. 


Lower Paresseux to U'pper Paresseux, Miles 331-5 to 332.9. 


A. 1909 


Surface Elevation 617, Surface below lock, Elevation 557; two locks 30 feet each, 
total lift, 60 feet.. 


Description. 


Lower Paresseur ILocks— 


Quantity. 


228 , 493 


2,894,380 


170,216 


Price. 


0 


oow 


06 


EXCAVatiOny TOCK GLY. sicsa. cee hee ee CVS: 
EXcavationvearth, dryic..acecce e eiedele es So 
(COnmerete ere he te eee is 
Gran tesmasonry acs caw eee hierar « 
Equipment and mncinery: Livers POS ok y.ihen AERA RN tas al to gus RACHA To SE ee 
Lock gates.. ; aR ANS cL CEE om.) OP 
Approaches and Full— 
COTTE MCOU ct sO ate olen aN OO Ses We ee C, vds. 
Full MINGETLCHDWOTK. sects k sete se iets he 
Fill behind lock walls and cribwork........ “ 
Dam— 
Concrete. ArsbiGlasss sas ccce ee Gane eee C, yds. 


Concrete, second class...... 
HXCavatonmrocks GLY ss cis ong tic ene ween 
EL CAV ARON EAT PY: si. .s i= in nics SP ateterele 


Superstruccure sce ee Cnn ein ee Lin. ft. 


Channel— 


Excavation, canal prism, rock, dry........ C. yds. 


Excavation, canal prism, earth, ALViacs secre 
Guide cribssan rence le as este eRe he or eae ew 


10,050 
16, 225 
4,624 
14,116 

917 


428 ,804 
rei 


Ce ee 


oe; ote amie! (e"ajae «© 0) fe iv @ ‘miele (ay, tee) ais 


Cost. 


46 ,000 
173, 663 


147 ,630 
1,291 
85,108 


76,375 ° 
73,012 
5,086 
4,234 
25,676 


471,684 
37,955 
3,472 


alld Je awscs, reviliel _exietetae 


@ jehje; o, wl oi 0 of e) @ coe) fim ace @ @\ 6 0. tele) whee ise 6) ie) oh 6 el emia! a) 


For analysis and general features refer to page 134 and estimate plan No. 15 


Totals. 


1,825,642 


184,383 


513,111 


2,523,136 


52,313 


2,775,449 


GEORGIAN BAY SHIP CANAL SURVEY 
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SUMMIT LEVEL. 


f 


Upper Paresseux to North Bay, Miles 332-9 to 358.2: 


361 


Surface Elevation 677, Surface below lock 617, Life 60 feet; two locks 30 feet each. 


Description. Quantity. 
Upper Paresseux Locks— 
Wea Vatlon rocks Gryie. cele sss oss C. yds 339, 433 
CHO aVS YEE oe 6.0 eee eR Oe oie SEES ust cr Oty - 144, 203 
Grantor SOmlLy.cecinrs 2 maori a olee cin een e 319 
Equipment and Machinery— 
LYON AL TOE A hes ets AO Sole clays cad CGEIC ONES. yo cn. cag cea nen Near erties Mee Boh di 
BlectrrGrpowersecurpMen»ntermisie ci ele. clcelohe oltre ns | sests ele acw ein 
lecurieslie nt veg usp MIE Mb oe c.n oie bien oe ketorotayesolelelie so) o) [in et oueilefia arte claire 
“SLT LAOS CT rr Seen gram alge be Pt eRe Renn aes ane Sg | Me Ee Se rae 
IMC GRA all VES eect. Aryeh ec ances is Roop Stee oie | ettep vere auade, Shere ce 
a Lee ies er tee itr AO wre s weaia Chakee) MODS, 3,082,460 
Approaches and Fill— 
ELD WOT pee ey Pa erie Soe nat toe C. yds. 48,767 
IU Gren rererroe don Kel ies Gigs wie ouoe os a nochowke Soe ss 23 , 822 
Fill behind lock walls and cribwork.... as 90,108 
Dams and Regulating Culverts— 
Talon Chute Dam— 
Concreteriirst Classe. 5 - sles ele aes C. yds. 9,876 
Concrete, second class....... - 14,559 
Excavation srOck  Oryirewh «ccs ser ieee oon 3,761 
Superstructures:. sate ccc cee cece Lin. ft 15125 
PPTL IRS Seite, lors nt ers dared) 2 secae oa tinal La ae necarn cel ov atic eid ienyes oh oval tes wale 
Upper Paresseux Dam— 
Woncrete, first. .ClassS. os. .0 sexi yn ne C. yds 3,262 
Concrete, second class.......--...-++.- G 3,035 
Excavation, rock, dry...... S 1,478 
ixcawabionsearton Aryan os cece ec eo ¥, 493 
SUMeTStCUCLUTG ry eine Sars Lin. ft 693 
Upper Paresseux Regulating Culvert— 
Conerete.../.... Tee amen ery en C. yds 850 
2) “Stoney ’’ gates........ Sirat Lbs. 70,000 
Channel— . 
Excavation— 
CanalaprisiecOCKs lV sere oer ere C. yds.| 4,622,930 
Canaleprist Earth saryndtentesecioce 848 , 322 
Lighting— 
ISTOTUEMOUSESE tierra oar cee eee eae ot ental lat 6 
GAT ONCEROS see a nee. ae ora a reeset es 25 
Guidereribs wi thulig hittin. cscs eta. clos ee-t eer 20 
Rangediohtsiaceraveur hice ciorle errs ae Pair. 2 
Dams— 
eee xeavation, earth) Crysis ackins jcptoen C. yds. 1,465 
vemtla itilleeeics Reeves hee recor slo oa is 2,090 
Marthetillees Ancit sere eke cen eno ¢ 2,090 
a Aa ee te Wns ten hehe «“ 1,045 
DX cavatlon, Carty GUY, +0 oie wkd aes 6) : 1720 
et ly tal ee ies crates ecaiss ae enetevara dae. s 3,230 
Pll ete prea arts hors cere 2 af 1,615 
Beelxcavation, earth, (rYViee <0... nse =r i; 3,000 
ATU vere eee, Greek tna as Sekougin i 6,440 
aati ies os as Sea ahs « 3,220 
AeA tLOM MeALUN OEY evi sce ks cll 4 820 
Me rAlletes oe okt etn won a 1,700 
DENSA tore oie a aiteohok eis ook eee treason egy eal He 850 


«= 


Price. 


oow 


on 


Cee jeint) Cec tary mon ee 


Sai) Weill alae! Kaleolea tor) 


Cost. 


$ 


373 ,376 
1,081,522 
15,950 


46 ,000 
184,947 


146,301 
be, Ola: 
45,054 


74,070 
65,515 
4,137 


5,085,223 
~ 254,497 


Totals. 


1,905,061 


258 , 287 


5,403,079 


362 


DEPARTMENT OF PUBLIC WORKS 


8-9 EDWARD VII., 


SUMMIT LEVEL—Concluded. 


Description. 
Dams— (Continued )}— 
Exeavation, earth; dry sic) sie. eek C. yda. 
Hartirillia oats. ercee & her er eee “t 
Puddle se orca. creche orc Sateen ees a6 
6. Excavation, earth, dry............... “f 
BGs: esl bea ad) Meee gene Abe ei a A area tao a 
HEAV Te UG b Peta, ea satin Wea rine phrase ae eta Wiley ot ein aes 
‘dis pone earth cdrynce-cc cee ss 
Harthonller cs see iacnitorcnme eee ees < 
Bad die ver eater ee, Se eye oes ay a Bd Me 
8. Excavation, earth, dry............... ee 
Harthyall sess ce i ee eee a 
PuddledtGit att te ees om ote , 
Q. Wxcavation»éarth, dry... sie. 2 cB he « 
vey ar ahead Moudictene wee he ol eae EA Tar kat. fe 
Puddletewer: cies oe ce ee ss 
¥0.  Exeavation, rock; dry...i:.. 520-4 face iy 
Barth fill pose oi aber ce meen nein ee Gs 
ae SSL ET RIA RA ee sey hee an Be ae a 
North Bay Lock (lift 29 feet; Sart se Be Chie ris 648.) 
Excavation, rock, dry.. iCayds. 
Excavation, earth, Gry eee ete ete i 
Concrete nae ee ee et ne ee 
Granite; masOnrvars aan ae ne 
Equipment and Machinery.......... MESS ee eee ees 
Bock ga tes techs (eee, Cer OCA 5) ee ae es Nr 
A pproaches— 
Cribwork, North Bay Lock............... C. yds. 
Damages— 
Talon Lake and Kai-bus-kong.................. 
Bridges— 


Callender high road at North Bay lock, rolling lift. 


Contingencies, engineering, &c...................-5. 


Quantity. 


CY 


e wierle es of ee eile 6 


OPe \Bi-S  0; Sele « 2's 


Ue Wit Ses a a a Me CUR MC EM (A Mat we ICR GNC MAC TY CP few Cars cee Dee Ce 


S1GACLIS (GO (0 Phe (eve )e, 


139,722 


320,325 
10,150 


27 ,500 
106,470 
147,885 


10,000 


A. 1909' 


Totals. 


32,249 


754,791 


20,000 


8,373, 467 


7,346 


9,210,813 


Sie ae Gi a ee nee a en ee Ce 


For analysis and general features refer to page 136 and estimate plan No. 16. 
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AMABLE DU FOND FEEDER CANAL. 


Proposition for the Delivery of 700 cubic feet per second. 


Description. Quantity. Price. Cost. Totals. 
$ cts. $ $ 
Dam at Gravelle Chute— 
MEST Lee er ee sc yrrrs rec > ier Se eeets eh mizser Pcie eoeue kee SR Llotae «oot a cetera 12,410 
Preble mere ye oetseecr edhe aln cays C. yds. 134,505 0 25 33,626 
Rock fill.. ‘To Sap M Ne estos actly eR OM Cheat nM th 47 ,888 1 50 71,832 
Pee at RatAt al Go ea ko ce os ee | ante pea Oe a Ft, coe aM ae 7,962 
1) TEST neele to ee SCREAM as 2,618 4 00 10,472 
Head works of canal and regulating works at Gravelle 
Chute— 
Woncre teristics sinter ree ted eenarhe esau C. yds. 644 9 00 5,796 | 
RLRETS) ree eee erat a er ah suas ceat mana Lbs. 5,840 0 05 292 
Gaetan joer eh Mew kN: “ 2' 332 0 04 93 
Gates and operating Machinery... : 3... 605-0 Wiese. ee cee ae bine eel ent 1,000 
Flume work from Gravelle Chute to Sparks Creek— : 
Vifcavers Farsi line se, 326, by Shen Gato So oISe Foot run. 27 , 350 11 80 322,730 
BETO SEL CE W Ole LOEEADOV.G cerecn i ee eee keeles mike ademas | oilentonsremaaterrte 36,240 
Warthvexca Vatloned cutest: inertia ert Oe OSs 20,465 0 30 6,139 
Lined open channel, approaches to and exits from two 
tunnels— 
MATtDIOXCa VatlONins s)ciea cine ane see es Vs: 150,060 0 35 52,511 
Wancre Colinini eee eas tle ail eet a 2,785 9 00 25,065 
Tunnel 1— 
Tunnelling, timbering, &c......... Foot run. 1,670 35 00 58,450 
Tunnel 2— ; 
Tunnelling, timbering, &c.........Foot run. 1,620 35 00 . §6,700 
Unlined open channel, head of ee Cees ‘ 
Earth excavation. oe .C. yds 113,791 0 30 34,197 
Improvements to water course of Sparks Creek, from canal 
discharge to Talon Lake— 
Saents (From Hydraulic Engineers’ Re- 
TOPOL Osan Oo bgte Gus auwrGsh. ous Gielen. a Ope tol asinectolen joen cic fuclaay pO. fae o o.d o ceciesostec |onc beri nau dso 
WESeLVOrdall sb Min leia Kenic ie cert abt cu Spore ere ouey st istic: Peter aes ey cna cennoey amo 38,250 
Reserve dam at Indian River (proba bleliakcl vs os hee ea len ee ener wae 23 , 089 
ReserverGatnra tel nree ivill en iia Keen siete ctirall siete sscaianellen | aletoventsUelate taller te 16,377 
RNeserverdamtaty lent bin ke nee ine ase afive vier li eusreten tne raiment | eee cottuey siete! eae 46,034 
HescrverdanicateManitouulbaken cee sao cin ileus tans Spotereet |tshaiel steel harshest 28 ,449 
——_—_——__—_—— 897,714 
Pantingencies, engineering, 6602 6.55.02 o 5. os ne sc ale le fo ave ne a wine wie [eine a wR wees |g ole Slee eka 89,771 
CDs Csi ene eee iret a RCo ere ROS ot ead pegiote tas Cen b alts kale Sotege ca seh lVastssemaha anes ates 987 ,485 


For analysis and general features refer to page 159. 
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GEORGIAN BAY SHIP CANAL 
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GEORGIAN BAY SHIP CANAL 
ESTIMATE PLAN 
SAND Bay To Nort Bay 
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.NIPISSING REACH. 


North Bay to the Chaudiére lock, Miles 358.2 to 889.9. 


365 


Surface Elevation 648, Surface below lock, Elevation 624, Lift 24 feet. 


Description. Quantity. Price. 
¢ $ = ets 
Channel— 
Excavation, canal prism, rock, wet...... C. yds 231,455 3 50 
Excavation, canal prism, rock, dry...... e 407,175 1 10 
Excavation, canal prism, earth, wet. .... % 154,062 0) 25 
Excavation, canal prism, earth, dry....... i 983,011 0 30 
Lighting— 
TEFea ENG NOUR ERIS, Snes dips Gecus, Sonar eechee Deau eR No. aR Lea le Ceamorcrcnes ers le 
IG ERCELD SMe ore ten copies ee en ee ss iia eee. eeemcer oho 
MR ATNGOLINS Medan ates sere oct heed iis eek apie Seats arene e OA ebres He eas 
Chaudiére Lock— 
Excavation, lock pit, rock, dry...........- C. yds. 113,462 1 10 
WOnCrelteeee eee ee ye : 42,389 7 50 
GranibesMasOnr yates es wa cenie en eee one “ 188 50 00 
Hidgurmome»ntandamachimenyatcsnm errr sca rie oet eas caren ne Gill creas’ teues= cine 
EOC RSS Ce Seen Nee Slee ey sieerie  au ck oan a oor |e sieaeatnc ae ett oll ated Ala tetra eecteton 
Approaches and Fills— 
Orb wor kere eee ince sais Me uae C. yds. 61,908 3 00 
Pillgundercribwork. rock... eee ae “s 4,382 0 50 
Back fill, behind lockwalls and cribwork.... “ 95,000 0 50 
Dams and Regulation— 
Little Chaudiére (3 dams)— 
MUO CrO ta Seat ste ehine aN Gos cen ee C. yds, 1,034 7 50 
Hea VatlOn rock GEV scsecta cena a 107 110 
Oc edi eee eae acatane tems ahs ss 841 00 
\ BUSa RUST nb av Sete sles © Ase eee AON cee ED ol OE Ure RSM auctions cearyy ty eae Smee Seana 
Big Chaudiére— 
ONCE LOA Pts eee rt eich, ees C. yds. 763 7 50 
Excavavion, LOCK LVe. aise Este ak 1,390 1 10 
By OOS er aVeR Ge rah Pach ey Ol oles Bb Glo Sie 8 a Oro Sve eum dic elicnc diraectl heitoud 0 ote eceeetir 
Mota trys COLLINS ted os RN ra rae Ae pelea) Sa ine on te ela tbat rage Ane oh gaa Mes ee 
Entrance and Dockage Facilities, North Bay— 
Cribwork, entrance Rocky Point. ......... C. yds. 139,476 00 
Dockage facilities, North Bay— 
Cribwork (2,000 lineal feet).......... ae 32,333 3 00 
Rock filling behind cribwork........ u Daaooe 0 50 
Damages— 
Rosandsand puildine siaba@allenderscensc so ae ciiae | reise ets sic ets lcs i nepal ucene = 
Louangrancd Dulldings:at North Bac 6 0. lem |liadecr a chowercile © [lee eter neue 
Wockaverateallender ctr ct meme ct ela eee se ill hack oasptorns alate lencre Nets cremenatene 
Wockacers tUNOLtehe Ba yen renee eeee Nae otade eral ciciin Ifa vamiee ss ar eee rplo uel ote tote dear neces sate 
Wockaceva tb. Cache Ba vie ocmr aie aey renee ta cepa |lape smesnce est ceer aul ue bepeg aietay -penaicer 
Miaekipoms Sturecon Valles) niece hee Oa we We perk nace Pe ciemtateminte 
Bloodedsland on Wake Nipissingishore?s ss... << ac ericlls octal leo elie | eee) le enol = 
Raised .C.P.R. track, North Bay...........C. yds 15,000 0 40 
Bridges— 


C.P.R., North Bay, double track, rolling lift...... 


ajo, ico (aii io ele 8) BAe 


For analysis and general features refer to page 141 and estimate plan No. 17. 


Cost. 


810,093 
447 ,893 

38,515 
294,903 


12,957 
778 
500 


124,808 
317,917 


re 


Totals. 


1,605 639 


810,306 


81,219 


542,093 


263,010 


3,302,267 


330, 227 


3,632,494 
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Public Works. Canada. 
GEORGIAN BAY SHIP CANAL 
ESTIMATE PLAN 
North Bay To CuaupicRE FALLS 
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GEORGIAN BAY SHIP CANAL SURVEY 


SESSIONAL PAPER No. 19a 


FIVE MILE RAPID REACH. 


Chaudiere lock to Five Mile Rapid, Miles 389-9 to 4038-4. 


367 


Surface Elevation 624, Surface below lock, Elevation 600, Lift 24 feet. 


Description. Quantity. Price. 
$ 
Channel— 
Excavation, canal prism, rock, wet........ C. yds. 338 , 086 3 
Excavation, canal prism, rock, dry........ i 845 , 462 i 
Unwatering Five Mile Rapid Rea nro Mr erm Deoti[t- 1) aR Rte MN TARE apc Bey are While ee 
Lighinig— 
ASO ChOUSeS eth G. cieite eso eiekcite, > wie s Suse ols No. Steet 
GLCP CRI So ee rcs eorae icl © ease sak ay secreted f SGN eel on 
Gincdereri Ds wien tS ee eur ys ort elo fa De aE aa 
Five’ Mile Rapid Lock— 
Excavation, lock pit, rock, dry............ C. yds. 83,881 1 
GOMCTE LOU eee ae Teed forroh os Seep ae eae ra hey eae a 56,000 7 
Graiite MASONEV ou ee cis oe aroetoscn ee g 188 50 
Eran LORIN ye eee ese eee rire ht see rene EM Pilar Toten sitvarcvoscisuete lletaudemere ee menorn Ses 
Pee And INACHInErVS janes fe oa ele sg sd Seka reales om yi dele s Seasb ese 
POCO obispo st eben sa) cathe’ Shisel peal ohare 82/8, 4 wes Aacie ores nts aie) 4 Min bicm pe TelSlaie dye es 4-56 «9 
Approaches and Fills— 
(CHT) bs ore je, ott een a See haere C. yds 62,895 3 
Locks ennGeriCribS i004 4otie oes aint ae a 40,372 0 
Back fill behind lock wall and cribwork.... “ 130,000 0 
Dams and Regulations— 
Eighteen Mile Island— 
WOnCT Ctr tia Ls Meee aa eae Seba C. yds. 1,592 1 
PWECAVATLONS TOCKS ALY esis occu uo 1,035 1 
GN Ua a Pie Seaside cliente Sycieene ene ee ered B.M. 36,798 40 
Sa lhe, aad scorn inte ote ee De Ge mere me arena Lbs. 43,014 0 
Caran a littinG POAT cece ies iss 7,000 0 
Arial OVS RG Fen Ta Watered muon cueyay occ Ieee ec C. yds. 411 3 
UVP ETTS TAY ee Drees ee ace ER MD ASN ema hc St ie PA ec 
Five Mile Rapid— 
WON COLO ee Haier nesraT AY Ne ER ate C. yds. 934 Le 
ae Sita sues ory ert aeotem wheels 5,876 1 
Timber...... 2 Leia reir ns td Baten 27 , 621 40 
SL POE oy Re Oe asi Rice ean Ree a Pane ec Lbs. 33 , 872 0 
Car and lifting gear.........--..-... = 7,000 0 
VOC th rei ae eterno deasameenseao hel wes yds. 27,075 1 
TEESE Fg eS a Ore 3,762 0 
Gontimsencies; en loINCELINg vOCe ay ccer-ta kan seetn tay hopeter rer rss [ioe <norol coer sVeitansr| |falt sou ets rare saarata 
Rote | seen Pearse ees eee pre cate ere bes 


Cost. 


$ 
1,183,301 


930,008 
4,500 


2,250 
11,393 
29 , 329 


95, 266 


188,685 
20,186 
65 , 000 


11,940 


Selle ve) vis cee ialrer 


ale. eo: 58 {el uerre 6) elieiels biel Lol eel esetei le cule isths 1 we ere) elplias entices, (6 


For analysis and general features refer to page 143 and estimate plan No. 18. 
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Public Works Canada. 
GEORGIAN BAY SHIP CANAL 
ESTIMATE PLAN 
CHAUDIERE FALLS TO CANTIN ISLAND 
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PICKEREL RIVER REACH. 


Five Mile Rapid Lock to the Georgian Bay, Miles 403-4 to 442 6. 
Surface elevation 600, Surface below lock, Elevation 578-51, Life 21°5 feet. 


———————————$———— CO. 
NN ———————————EE—E eee 


Description. Quantity. Price, Cost. Totals, 
$ cts. $ $ 
Channel (to mile 440 -5)— 
Excavation, canal prism, earth, dry........C. yds. 64,922 0 30 19,476 
Excavation, canal prism, rock, Wet Tone, a 750,371 3 50 2,626, 298 
Excavation, canal prism, rock, dry........ 918,438 1 10 1,010,282 
eA COMTee OP SOBAOG .ut ceils storclaee oeieians on tele ne euedia ine arn farkisels Galena se 7,500 
Lighting— 
TU ped Dt EYOLURS’SER, nice rtes eae ag at Ree eGR ae No. DOM eh oataey sy yea 16,522 
GUI OHCTIIDS erect so tin a siee suntoneram reerertacees ot ce DAS eon Comores 9,753 
Guidercribs withulights. cs. acm ./qlestr cates s BO cee eet: 37,007 
MATICERNS seers Shes See eee “4 Dai) ond coerce tense ee ore 500 
an CesTO tS. cas maeisae poetetey sacore tele eto Pair. 2 Bit rca athe, seers 4,500 
oe RTM es: 
Dalles Lock— 
Excavation, lock pit, rock, dry............ C2 yds. 8,650 110 9,515 
WOACTSLOMe ee i ae P 80,465 7 50 603 , 487 
GranitesmMasOuly sven Cia sree hee 6 tec cereens ec 222 50 00 11,100 
Enipmentr ana mnchinery., cern e aiccstehee eels a cas avy |'euw operon aioe cael eae snne enna 27,500 
LOS GENTE Roe eae ellos an linden ney Comte eer IRE GRAM [ann A acini tell Exec e ny Homa, ay 92,665 
ia WieteLin Pill OGM CLACLA TING icvatiiaisentet seen e tse: ovrare ere er ese einer eta eae lectiace ere eteetele 121,000 
f 
Approaches and Fills— 
CPD OF a ets nee te monte aie vipatneta wants C. yds. 115,000 3 00 345 ,000 
Hill Sunder crilow Orcs: eee cist cae ste ckes enor * es 59 ,507 0 50 29,753 
Back fill behind lockwall and cribwork..... “ 400, 000 0 50 200 , 000 
———————__|__ 1,440,020 
Dams— 
Dalles Lock dam— 
ROneteterte a ai cane eee es se <r « C. yds. 9,313 (OO 69,848 
Hixeavations TOCK, Aryeees aes swirls se cs 916 110 1,007 
Tramway Point dam— 2 
GON ETOCE co ae epee le cise ere wnt es - 938 7 50 7,035 
ISXCAVGUOM LOCK GLY en ci ee iy 140 110 154 
FIXCAVALLON, CALth,, ATY.cee ecu coe cen | he 42 0 40 17 
[Waaweatering sere ere R acetic ites ete noe tet (Meurer a trae, | ogeecer tice aay ti 1,000 
Bass Creek dam— 
Concrete ne ayes eines stam aey ois erodes C. yds. 7,155 7 50 53 , 663 
Hixcavation.) rocks drysecas oss eee ee. es 654 1 10 719 
IGXCaVa ON earth, ALY. sya s + cent st 830 0 40 332 
Wr wWatering wae. omer rnces asta ois aioe shore silanes etins Simeon lato erencramiic al tS 3,500 
Bad River dam— 
RIORCTOLG aoe nd ce eerste one C. yds. 8,600 7 50 64,500 
Excavation, rock, dry... .0csngies ote s 433 110 476 
TWA LORIN. woreda tod Mecuciiite Cisne ee aries ramon eos | aoe cesta relent (ace Po dsee ep eMinsits 2,500 
Eastern Outlet dam— 
Concretes nian erect naa ei C. yds. 2,013 7 50 15,098 
Hmeavation, rock, drys. ., s-0 cs sects Se hha 525 LELO 577 
Unwatering BOR Meer Cie ite hms Wa ef ae en a NR en hae (PO AACS re 3,500 
223 , 926 
Damages— 
Bridges— 
COPA crossingeeickerelL RiVverenrdc ac eice ral asiiien enters | attercicn ste aerate 150,000 
James oayvetuya Crossing. ElcKkerelolvlVers leave © is. stern eesan scares cere) ae 180.000 
330,000 
Entrance French River (miles 440-5 to 442 -6)— 
excavation, rock, Wwebss...- s ssrs tees oes C. yds. 210,446 3 50 736,561 
Hen VaAtOn LOCKS GV ss o.n = 5005 eae mee as e 1,556 Le1O Riel 
Lighting— 
BEV aye bd OY TBs ae RIA Bro ICE SRA Pile, aR Pair. LOM cet crssehewin ake 1,800 
MEME DORTM Stn us vhs Sr Giese gos clad oes oh £ Berlina cc ncmeads 500 
A pproaches— 
GriDwOrke reer econ ons close akon aye ee C. yds. 15,089 3 00 45 , 267 
785 , 840 
j 6,511,624 
Contingencies TensiNGerinys CCl eee et ores sheet etaies| ateabermisiore: shaun s| syste aus etate haters 651,162 
ED G te CE Cee Loe lee oN CO ee per ene Eerie as Vener ts on] iter ot ehayatarel- es 7,162,786 


For analysis and general features refer to page 146 and estimate plans Nos. 18 and 19. 
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a COMPARISON OF SAND BAY LINE WITH AMABLE DU FOND ROUTE. 


Between Lake Talon and Plain Chant Lake. 


Material. 


Rock fil 

Earth fills 
Concrete 
Cribwork 
C. P. Ry. diversion 


(hand laid) 


Two swing bridges, road crossings... . 


Road diversion near Eau Claire 


| TERE AMET EEN Gg EN: 
Ed okepare MENG "5 ged.on celo cae Ss 


eines he lah SB! 2 ehehemers sis 


Sand Bay Line. 


————— — 


Quantity. | Price. 

Cub. yds. $ cts. 
Ro tne or 2,767,957 1 10 
Sy sarleh eae meine Bact 
Rees 333, 703 0 50 
ee ee Se 8,026 1 50 
ted Back 10,792 O 25 
Ren oe 395,114 ADL 
este 22a LS 3 00; 


AP eaNCT | (CeCe IRE L (MAR CAH ire eras CRY IC 


Br Anais ue he ke ick wus) ete See | HO Ceh one re eae”, 


mB icieipl siete: bel siece: 6: eqe, ©76;;sUpel eke) ee ere 


Amable du Fond Route. 


Amount, | Quantity. 
Cub. yds. 
3,044,753) 3,065,610 
NN DOSER 13,000 
205,557| 1,225,763 
166,851 507 ,079 
12 O30 es teste. 
2,698 214,340 
2,963,355 398 , 850 
675 , 954 215,955 
7,071,207 
TRO AUPAD A ars hid eras ne 
TRIES Oo iota ese 
1,254,040 


Price. Amount. 
$ cts. $ 
L 1035372. 
3 50 ie 
0 30 367 , 722 
0 50 253 , 539 
"9 95] 53,585 
7 50} 2,991,375 
3 00 47,865 
Gatecee hares 380,480 
OND hee 90,000 
are aes 2,000 
8,211 , 243 
yates eaten 821,124 
BAe epee of 9,032,367 
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ESTIMATE FROM NORTH BAY TO FOOT OF UPPER PARESSEUX. 


With Summit Grade Elevation—626.-0. 


Summit Reach lowered to Lake Nipissing level. 


Locality and Description. Quantity. Price. Amount. 
C. yds. $ cts. $ 
Excavation, rock, dry— 
CanaPpriem, Grom finat-estimate).)..2..c 800) ore ee ee 4,614,853 1 10 5,076,338 
New quantity through North Bay lock site.................... 321,870 aig) 354,057 
New quantity through changing grade from 651-0 to 626-0...... 9,333,148 1 20 | 11,199,776 
New lock pit, Upper Paresseux (single)...................... 134,500 1 10 147,950 
Excavation, earth, dry— 
anal pris Urom hnel estimates .:5 0.6 ose, e ne See on ee 1,766,147 0 30 529 , 844 
New quantity through North Bay lock site. .................. 14,741 0 30 4,422 
Concrete— : : 
Lock, Upper Paresseux, single (approximate).................. 70,000 7. 50 525,000 
Granite masonry— | 
Lock Upper Paresseux, single. 2. 26st ose oe ee ec 198 50 00 9,900 
Approaches and fills— 
Upper Pasesseux, cribwork (approximate)..................... 85,074 3 00 105 , 222 
Dams— 
Talon Chute— 
CONRGEELE SOESE CLUBS, ou Goo tstatnc ae fetal dss nen ede Te ee he 2,880 7 50 21,600 
Conerete; Beednd elas io2.. cc ey feet Be cece Se ee er ay 2,016 4 50 9,072 
Excavation, rock, dry (approximate)......................... 1,880 1 10 2,068 
SUpersenue cure Kinet feet) ieee al were, hee eee, a 640 28 00 17,920 
AU WH CORNING Create naa roe etch ia a aE ag tia tet ses ed NR ths oe Rn ee De Te 5,000 
Kapipmestrmechinery lock gates mac os.. (ye neti iesie cs Ce eke Se, ee ee 135,000 
ridges— 
Canadian Pacific railway, néarcN orth (Bay raat fe ..c oa es. ee oe eee ee ee 95,320 
Callender, igh road ‘(a pprixomiate) coos ee ae Se hE te See ee 30,000 
Sed GI ting te OCR eS rth he Re Tr Re cam ek ad ct last Ones ini aL Ge ea 63,359 
Daman gee. ice sede liots aie Sata Sn Oia ie sik a eR ert eh eet g ML | ena ek Hee aie anna 10,000 
Dockage facilities, North Bay— 
ribwore(:, OOO lineal feet). suc Nos os Sek be eee ee at 32,333 3 00 96,999 
Rocksill behind’ eribworks.)- 33.0 «05s gro Pee 53,333 0 50 26 , 666 
CROUAL ee tas Gh alee 6 ier eso a hese EN ae bs Da en er 18,465,515 
Contingencies, engineering, administration, &c....................-|......0.000 bo! 1,846,552 
Potal Costs, ive-ige th Stes cori opie Pate at eNO aoe tt OL Neem cen ea cee 20,312,067 


ss SSS 


Grade 651.0 $ 10,685,326 
Grade 626.0 20,312,067 


——_—.q 


$ 9,626,741, difference in favour of the Trout and Talon Lake summit 


SUMMARY OF ESTIMATED COST. 
French River section, North Bay to Lake Huron, Mileage 358.2 to 442.6. 
Nipissing reach (mileage 358.2 to 389.9).. .. .... .. $ 3,302,267 


Five Mile Rapid reach (889.9 to 403.4).......... <. 3,162,863 
Pickerel reach and Lake entrance (403.4 to 442.6).. .. 6,511,624 
$12,976,744 
Contingencies, engineering, administration, 10 per cent 1,297,676 


ota ip ti as eer $14,274,420 
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ALTERNATIVE ROUTE ENTRANCE TO MONTREAL THROUGH BACK 


RIVER (RIVIERE DES PRAIRIES). 


PRAIRIES BEACH. 


Ship Channel to Sault aw Recollet, Miles 0 to 17. 


Surface Elevation 40, Surface below lock, Elevation 16, Lift 24 feet. 


Description. Quantity. Price. 
$ = =cts 
Prairies Lock— 
Excavation, rock, dry....----:+ssece rrr: C. yds. 68 , 360 1 00 
Matern Vite a en ee ees (a ine See ep ae al 
Concrete, lockwalls, &c...-------++ses+00> C. yds. 42,540 7 50 
Entrance piers, cribwork......-+---++-+++- a 57,914 3 50 
Entrance piers, concrete wall. ...----+-+-+-- ce 8,000 i Bo 
Entrance piers, rock fill, back of Wwalbemete ca: sf 48 , 000 0 50 
Pek eater, oon os oa ee ee = nes ee? Tons. 742 120 00 
Gate operating machines....--------;+77° Each. 8 500 00 
Filling and emptying valves and machinery. “ 4 3,960 00 
Gate and valve motors, storage batteries, 
BER seer at cee arra) Merime cerns weenie Pace tn reel wey Pin A eee hata 
Balan! ladders, life chains, de... + ag + ee arlene [oer ene tes emer nee: 
Dam and Regulation— 
Warn, Tock VO0ses aie 2 ne eee ess ee C. yds. 92,772 0 50 
Dam, earth face......------esrer erste os 23,1938 0 25 
ESI ep lula. bores me tne eee ewe eM A Ace oe on atin: 
Operating machines.......--++++++++++00° Each. 2 700 00 
Channel— 
Excavation, rock, wet....-----:--ssssrracre ©. yds. 984,777 3 00 
Excavation, rock, dry....------++eserrcee is 202 ,023 1 00 
Excavation, earth, wet....-----++-escecee ib 3,989,258 | 20c. & 35c. 
Excavation, earth, dry...------+-eserste se 511,384 0 35 
Bale finine ec ce ee tne Pie ee ee * 4,000 2 00 
Range lights, marking piers, eon eee UAE Lava erl be tures ah ate ovate Nake eases AP OLeT 
Damages— 
OSPR AYE PN ee dg tke a dara ca aur BPN eet ob oc Fa eco ata haan ean ca 
Ree Set ON EER te atts Serer mcttecareher npr eres mi neie rs [AR enn esis [oe SN RL 
Ewa ydiversione: caste cron. i ht nr net in RRR es NT 
enlwac bridges. 6 foc e ee coo eee haere Pair re ere nS cies ae oe 
Rontingencice. engineering, 0s... 5 6nd teen te vane |t inn eer ar ae 
ited Cana Ree sateen hiaiel nua wie metres ancenats hss ee reabecae aca Cn eet Si ieee carr. 


For analysis and general features refer to page 100 and estimate plan No. 20. 


Cost. 


10,000 


2,954,331 
202 ,023 
808 , 354 


408 , 625 
30 , 000 
16,000 

120,000 


Totals. 


812,900 


114,200 


4,960,093 


574,625 


5,697 ,800 | 
569 , 780 


6 , 267 ,580 


ns 


ele ay 


ia pie 


Ne 20 


RIVIERE des PRATRIES 4 
= are 
ot ee on 


i 
J: 
ZA 
i p St Michel 
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BACK RIVER (RIVIERE DES PRAIRIES) RECOLLET REACH. 


Sault au Recollet to Pointe Fortune, Miles 17 to 49. 
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Surface Elevation 75, Surface below Lock, Elevation 40, Lift 35 feet. 


Unwatering pit 
Concrete, lock walls, &c. ..............+-- C. yds. 
Entrance piers, cribwork 
Entrance piers, concrete wall............. 
Entrance piers, rock fill, back of wall...... 


Description. 
Recollet Lock— 
Excavation, rock, dry.....-.-.-...++-eee: C. yds. 
Excavation, earth, dry......-.+---+++.++) Ss 


“ 


ILAYA eS CE Ss econo Ce Boe Ce Ue oOo e Tons. 


Gate operating machines..........-- eens 
Filli ng and emptying valves and machinery. 


Each. 


“ 


Gate and valve motors, storage batteries, 


lig 


Dam and Regulation— 


Stop-log sluice. . 
ODeTAURE MACHINES... 556-5 oes ole geile nee 


Channel— 


Ixcavatlonmrock webride sols os cise leis C. 4 
EEXCAN ATOM ELOCK MOLYne ocicciscra eros eiaceks 
Excavation, earth, wet...........-+ss.e8:; 
eXcavatlonnearunwOryen erin sil eieracter: 
mbankment. lO0se rock. .i e115 cles ease aie 
Hmbankment, earthcren is nssn os strc sa ts 
Bank lining 


ele enuuavens witsLeimerie (se) «ley s'-a\\ (ecole) o. 0) 8) 16.40) ¢: oes 


Range lights, marking piers, &c..........-.-+-+-> 


Damages— 


Toe yivel Cyne ants Nhs fossa ete CIS Clots oO. ordemd 6 Ooo OS 
WiaterspOWwensec: feseiycieues Gra Witee congas lo hiier diet e 


Quantities. 


ereleuaiener suke dete ratusiiie! tsa) ¥) Ohece a) se 511920) 0) Ole n'si iy S06) © pial e ie) @ (Seite ce. 'atie ie) .e 


EL SP ee ene te ten ee mur ota aatncus: sisuaeat acl shefebey sitccine sh 
Bollards, ladders, life chains, &c 


aot 18) a tlenietie ties lolteliesie) #\ ie, 0 16abs (oS ivlie ow) feils. erie bey ¥, iapelle aterm (e's \ei¥/e;,0 


538 , 007 
407 ,982 
5,015,326 
5,343,998 
26 , 248 
3,250,573 
106 ,000 


See) Oe OL ete Nels aN, 


ayyey ett) cw eid im pena be 


Frade) ewe: ley uel eke ie 


isa) le ie) emelel'si.e 6's. .« 


ee aCe te a er eee Oates tec eg ol omst iow atnha. © Sip aia hen fee. Geeta ie 


Highway bridges.. 


Contingencies, engineering, &c 


Shem, eal foiet elo) 60g) 6) oreo) Wo; 6) wh iel Mare, bis: 8) (ore) sali: (69s) 9] le S..a! @) aw, Pyles (e) Wye e 18) © See le 6.8) 


Cost. 


357 , 444 
10,500 


1,614,021 
407 ,982 


212,000 
40,700 


368 , 305 
5,000 
65 ,000 
75 , 000 


Totals. 


1,245,940 


367 ,944 


5, 649 ,534 


513,305 


7,776,600 


777 ,660 


8,554, 260 


The two entrances to Montreal, common point at Pointe Fortune, compare in cost as follows:— 


Montreal, Ste Anne to Pointe Fortune......--.-.-- ++. s+seee eee eeeee $ 20,620,431 
Ship channel, Back River to Pointe Fortune...............-.-...55: 14,821,840 
TTEETOIL CO Aire ere ees OO IK ed ete Sones ae $ 5,798,591 


For analysis and general features refer to page 101 and estimate plan No. 21 
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PORTAGE DU FORT REACH VIA CALUMET CHANNEL. 


Chenaux Rapids to Mountain Chute, Miles 174 to 184—-(Main Line Chainage, 
Continued). 


Surface Elevation 280, Surface below lock, Elevation 245, Lift 35 feet. 


Description. | Quantity. Price. Cost. Totals. 
$ cts. $ $ 
Chenaux Lock— 
Excavation, rock, dry.......-..-++-++e+s C. yds. 174,055 | 1 00 174,100 
Naa EE TIC PEEL eee rit Fi mn vette a eres eOPe Fe AL aieh se W seaee ay sm Pc in elle Pars Yor fetes 10,000 
Concrete, lock walls, &c.......-.-++.++++: C. yds. 37,900 7 50 284,250 
Entrance piers, cribwork ER ree eee ne Ghat a 60,791 3 50 212,770 
Entrance piers, concrete wall. .........-.- ‘ 7,000 7 50 52,500 
Pntrance piers, rOCK Mlleere cin. 26 2 ose ee is 78,260 0 50 39,130 
Locktratesene craters ca reatceg! oars. 6 eleva eta Tons. 890 120 00 106,800 
Gate operating machines................-.- Each. 8 500 00 4,000 
Filling and emptying valves and machinery. “ 4 3,960 00 15,840 
Gate and se motors, storage batteries, 
PITRE eae ah ko ES aes tE KaWhe Octane |-ac3 Cel Mian aes elope Meer alee Mon 10,000 
Borlaiele) facilord, Be eT er Onc ace ebeiaa haa fate a has Sew tata Witla ve duane ane 10,000 
Saas ia EG 919,390 
Dam and Regulations— 
DamneeTOC LOOSet hs os hen wk ote a core sote Gren C. yds. 553,586 0 50 276,793 
Dig teze I NCene 2 segs Diy ars Sed age sete e a, 138,396 0 50 69,198 
Warm sDorrows pit, LOCK iit. 224 oe hae he ass 125,000 1 00 125,000 
Sekar eA Seca Meira eal Mig Rice ira ide Saket APRON cy Was co Wlareaach abe 123,100 
OperavingeMachinesscc.cirsie 2 ues ess e... Each. 3 700 00 2,100 
SSS 596,191 
Channel— 
GX CAVAUION LOCK WWEebe. cree tists so 6) evel enchonelg oe C. yds. 2,867 3 00 8,601 
ECA VATLON NTOCK UGLY. cncie cil tiene 6 4+ sone icre te i: 203 , 566 1 00 203 , 566 
Excavation, CATT MAT Yceswn roe eaneheess otis © a 105,000 0 35 36,750 
Range lights, marking MM Caen pao Geos be die oO OOo. Gb lo oie cen Orme 49,150 
saan ee 298 ,067 
Damages— ; ; 
PORT ODAT EL ala SV fae RE en Re ear uae an eres calor a ears ot irc aera 52,805 
MV RLGE DOWIE. coe nie trl ca cove Ga Breite, a ame | alee a daw catig'e proc alee Suet eiwie sia le 10,000 
Highway diversion... ... pe hes ee ap AG IE she epi nett ars hor ST cere Pain| uri ee en aR 5,000 
Bieta va rigwe te een oti aN ona ste oe He tenia d oe only) es afntsaee Wintel 65,000 
pa SS 132,805 
1,946,500 
Pontinvencied eneineerine, SCs cis 22s scien Sin sno 8 ol an ym igs aie ieiecb oad oP oa mw elary mh ofgtee | elnahs al aaleealbys 194,650 
DWI He lea oe oe Rarer eR a GSES eee | BT RE Sere eee iy SME TL ote 2,141,150 


For analysis and general features refer to page 118 and to estimate plan No. 22. 
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MOUNTAIN CHUTE REACH, CALUMET CHANNEL. 


Mountain Chute Lock to Calumet Lock, Miles 184 to 187. 


Surface Elevation 315, Surface below Lock, Elevation 280, Lift 35 feet. 


Description. 


Mountain Chute Lock— 


Excavation wrocks dry. acces ek oes ee yas. 


Tixca VAOnMOATOM ALY 5:05, ccc wa nutou cle hci 


Quantity. 


Usimaterin epi ts aero erick oe ein case. hrc: Meera Meee a Nace eT aeacr are 


Conerete, loci walls: &evemaae nce cee: C. 
Entrance piers, cribwork................. 
Entrance piers, concrete wall.............. 
Entrance piers, rock-fill’) 05. ¢555. 0532.6 fc 
TOCKi SA teste eed eas eee ocala evn. LOS: 
Gate operating machines................. 
Filling and emptying valves and machinery. 


Gate and valve motors, storage batteries, lighting..}... ed eee) 
Bollards sladdersplite:chains,acCocsnso occ k nine lee eres 


Dam and Regulation— 


Dam wrock looseness 20 tatu aie ae ayia o ceree C. yds. 


Dan carthitace sence. oo emo ae ee 


159 , 432 
39 , 858 


StOp-lOg SItileeS. eres eee ele A eos REE are Pl oberon ete unae 


Operating machines........ 


Channel— 
EXXcavation Tock aryv., secre ee ae Os 
xXca vation Tearuie aly. imei. accent # 
Range lights, marking piers, &c............-..+- 


Damages— 
Mandcand: rightsouc Tear en oi ee ae 


115,205 | 


107 , 825 


©) M50) 6's) ee (6. @) (88110 


Price. Cost. Totals. 
$ cts. $ $ 
1 00 44,834 
0 35 12). 534 
eee es 10,000 
7 50 540,218 
3200 289, 800 
ED 48 ,000 
0 50 Sly 734 
120 00 106,800 
500 00 4,000 
3,960 00 15,840 
Aphis ite il Bina 10,000 
OWE RASS Sey, 10,000 
1,123,760 
0 50 79,716 
0225 19,929 
Seah ete Daca 90,426 
700 00 2,100 
| 192,171 
1 00 115,205 
0 35 37,739 
a ae ee np 18,750 
171,694 
Sit a apes 6,000 
6,000 
1,493, 600 
na Pe Hele eine e  e 149 ,360 
Rie eM Moshe Cad i de 1,642,960 


For analysis and general features refer to page 118 and to estimate plan No. 22. 


SESSIONAL PAPER No. 19a 


GEORGIAN BAY SHIP CANAL SURVEY 


COULONGE LAKE REACH, CALUMET CHANNEL. 
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Calumet Lock to Paquette Rapids, Miles 187 to 212—(Mile 209 Man Iine). 


Surface Elevation 350, Surface below Lock, Elevation 315, Lift 35 feet. 


ee RPC? oS ee ee eee 


a ee eS a a 


Calumet Lock— 


Excavation. rock, dry.. 
Unwatering pit 
Concrete, lock walls, &c 
Entrance piers, cribwork 
Entrance piers, concrete wall.. 

Entrance piers, rock fill Sell ‘of f wall). 


Lock gates.. 


Gate operating “machines. 

Filling and emptying valves and machinery. 
Gate and valve motors, storage batteries, lighting. 
Bollards, ladders, life chains, &e 


Dam and Regulation— 
Dam, rock, loose 
Dam, earth, face 
Dam, borrow pit, rock 
Stop-log SITCOM ane n e Cit nL enicaers seme 
Operating machines.. BE Seiko 


Channel— 


Excavation, rock, wet...... 
Excavation, rock, dry....... 
Excavation, earth, wet.. 
Excavation, ear th; Cobain 
Bank lining 
Range lights, marking piers, &c 


Damages— 


Land and rights 
Highway diversion. . 
Highway bridges 


aier eleatralicel js, 6) -#. (6)Relil st. 's. eye 1S 


eet wh 8) ee. eyes: e feerey (6 \eAce ma, U6 (eS) me, 


sist eval eiese sel area MLO ies. oles sie ie) eviedis: Ie (env b fe) 


ie SEL) Goat ccis, ew ayis’ al sileivio-.e:reirems) 1) 61 (6is) | asic: 18) fo. 08) ‘ar .e 


ae eins Key 6) .€710) (Py (67 46) ese 8.6 oe) 18: fo: foto. el jel one 8.8) cas: 8) 8! 9) 


Quantity. 


a while) ©, oe) a serene a 


PIO Vat AAW CeO Mol kOe CeO HEIN TOn Oe Osim tn OFS yas Kat 


Slavusiialiele (ef ieli se, ave) ter bierjehie® ©. wile [ey 18: ‘eda es 


Price. 


eCity’ ef al aiieu sl er bi lovseliew es tia te1 6 eC woa @ wae Omens, 


By at Oakeiten mies) ei tale mel wire men op 6) eselre 8.40, 


Cet Fa Me trigl ceteel (ebalestameh ie reins) isee cela efuey cor hvemianlibl Mts: ia; ceheesbeu a hel fer tie Ke miG 110; (@ gees ye IS 4) Le 


SPITan hci sirommailal cue eleMer nt errchiettehves ial ors, Yenc! epretia’nadis \Pualnisued 6), elton oe cindes 61h co) “ah lee Sig STIR SAAER OP eat eils, odes Ro ic, Noelle 2 


For analysis and general features refer to page 118 and estimate plan No. 22. 


Totals. 


704,057 


162,543 


2,293 , 225 


94,730 


3,254,500 


325,450 
3,578,950 


SS ee 


wi 
Tt Pails Bee 7 
| ey a 
a fy es g 
CALUMET 3 
=} e 
S e 3 
SSS . & 
WW, 8 
basal Bridge CARAS 
/ of BRYSON 
( oN RES ie 
f LOCK RENEE 
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COULONGE LAKE REACH VIA HENNESSEY BAY. 


Rocher Fendu Lock No. 2 to Westmeath Lock, Miles 190 to 207—(Main Line Chain- 
age,—Continued.) 


Surface Elevation 350, Surface below Lock, Elevation 315, Lift 35 feet. 


Description. Quantity. Price. 
$ cts 
Rocher Fendu, Lock No. 2— 

Excavation, rock, dry.........---++s+00- C. yds. 137 , 852 1 00 
MDa WA ROLL Se tee ee a one) cen Sinise a tate nga y cbeine eee tines a elle Qe¥ ine toe = 
Concrete, lock walls, &c.......-..4+ese ees C. yds. 41,743 7 50 
Entrance. piers, eriDWOEKINe ce os bs os eee e 93,114 3 50 
Entrance piers, concrete wall.........-+-+-- oe 7,600 7 50 
Entrance piers, rock fill..:.....5-...05%: ye 123,600 0 50 
Lock gates. . MMe iy ee athe ONS; 89 120 00 
Gate operating Min chines ere. oc. sehen Each. 8 500 00 


Filling and emptying valves and machinery. 
Gate and valve motors, storage Batteries ene: 
Bollards, ladders, life chains, &c.. 


Dam and Regulation— 


Da eTOCKs LOOSE eee ial erey Sec aiecs oreo a leehee C. yds. 


Dam meartieia Cease ha eres Mchcbeael toe oles 

iD evans lovermyenie Je), $COXe) hie 4) Aen An yO onlowG Obie 

Stop-log sluices.........-6 0-0 see e eee eee eee. 

Operating machines........--.0>..-..+-.» Hach. 
Channel— 


Excavation, rock, wet........---+-++++++++O. yds. 


xpa Vatlon LOCK GT Vs ocins siciers che si nisl crserst = 
Excavation, earth, wet.. Ae doce honn nae 
Range lights, marking WiGKS, Oe cee ere ee ee 


Damages— 
DWTS TS RCW Vs Brig fa Ut eer un ae Perea Pe eo eee ee 


ehiw) feta! Kou cal .S1cay ie” Ya! feiegay pay iets) ‘geet = ae) 8) os 


489,504 0 50 
122; 326 0 50 
142,100 1 00 

Tie ee Pel aoe 
273,294 3 00 
792,485 1. 00 


2,231,551 | 20c. and 35 


fel ote) ie be eke ee. 60; Hie OO @ lw) elim, e 18) oles & 


‘et ja: (e840) we <0) 610 0: * fe hue 10) ©) 6) (0.4! © 01 .anie!if,< te ais) 0) oa a).0) 0! 8)8 


For analysis and general features refer to page 116 and estimate plan No. 11. 


Cost. 


$ 


137 ,852- 


10,000 


244,752 

61,163 
142,100 
137,009 


3,500 


819, 882 
792,485 
551,463 

35 , 650 


4,730 


Totals. 


1,052, 265 


588 ,524 


2,199,480 


4,730 


3,845,000 


384,500 


4,229,500 
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ESTIMATE OF PEMBROKE REACH VIA HENNESSEY BAY. 


Westmeath Lock to Des Joachims, Miles 207 to 262 (Mile 265 Maan Line). 


Surface Elevation 370, Surface below Lock, Elevation 350, Lift 20 feet. 


4° et b Ge haus is =. CicGNE GRO a StL ee ee 


6) oud @ Ye: aor /S 6. uspie! @|f\e wees 0) @)[e co) \euien oc ou 


eit’ (6) (ea: (6: ef ene, (6) 0) (of enero vie ie te \eh<djis) sees 


i 
Description. Quantity. 
Westmeath Lock— 
Excavation, rock, dry........... C. yds 475 ,371 
Excavation, earth: drysc cies ccc s ne owen te 270,879 
Dniwatering ipitsloece Fe Ub ak Rel Poe ee 
Concrete, lock walls, &c...............-.. C. yds. 36,400 
Entrance piers, cribwork................. 15,171 
Entrance piers, concrete wall.............. 8,000 
ntrance piers, rock fill (back of wall)..... ae 16,000 
LOEK Gates een Mee ge Sa ID Se Tons 695 
Gate operating machines................. Each. 8 
Filling and emptying valvesand machinery. “ 4 
Gate and valve motors, storage batteries, lighting. 
Bollarde ladders: life Chains 6s. so ao wi a Oe Ad a ae 
Dam and Regulation— 
AGT, TOOK MlOOBE ia eas & ste co ah eS C. yds. 79,800 
Dam, Carina cens tn ene ee ek & 43,100 
StOp-log slices ate crc ea ie a Gr Ek | FDI he utd eee alee een aig 
Operating machines........ aaa ach) 3 
Channel— 
Excavation, rock, wet..... Maso ow clOR NA LOR) bysys 
Excavation, rock, wet..... ve 237 , 000 
xcavation, rock, dry..... iy 815,998 
xcavation, earth, wet..... a 133,333 
Excavation, earth, dry..... 478 ,564 
Bank diningye wen. oct elo tae ss 11,000 
Hange lights, marking piers, Ges. sae cee os ee ooo oo ee 
Damages— 
Paid and Pig nte cuss cet core eee iond yc aeantoalees 


Highway: bridge... uae ace. Oe ol oe a en ae: 


16) a) (e100) te aie: (6 6 14) | a fel ele © ie 60 en bine 


For analysis and general features refer to page 116 and estimate plan No, 11. 


Cost. 


$ 
475,371 


1,940,332 
711,000 
815,998 

46 , 667 
167,497 
22,000 
74,850 


175, 285 
10,000 


oR ae 8) le eas es a (6s |ewe (etal 4te).eie, ela) enl «el wie sil sel eR eiisatele 


Wie (66 ie, “eye: te) ay 6, "19: (ofl eae (Gy lca. im: se: ve eile: ef 76 fra” eneleieme™neireh lider ente 


Total.s 


1,097,459 


130,073 


3,778,344 
asa 


185 , 285 


5,191,200 


519,120 


5,710,320 
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COULONGE LAKE REACH VIA CULBUTE CHANNEL. 


Rocher Fendu Lock No. 2 to Waltham Lock, Miles 190 to 212 (Main Line Chain- 
age.—Continued.) 


Surface Elevation 360, Surface below Lock, Elevation 315, Lift 35 feet. 


Description. 


Rocher Fendu, Lock No. 2— 


Excavation, Tock, OLy s..eaes oo + 12s ee Ce VAS: 
Winwaterineepitacsc cet eke i ssc eee te 
Concrete,.lock walls, &c.........--222202: C. yds. 
Entrance piers, cribwork................. g 
Entrance piers, concrete wall........ ote as 
Entrance piers, rock fill................-. as 
Lock gates....... Nett Rear ees ciate ae clshswd A sacs Tons. 
Gate operating machines................. Each. 


Filling and emptying valves and machinery. | 
Gate and valve motors, storage batteries, lighting. 


Bollards, ladders, life chains, &c...............- 
Dam and Regulation— 

Da TOC MOOS teteig oa sit oes coe hidade C. yds. 

PIAL OAL UEP ADCC Cy ices neces oe a oe a 

DAT, DOTEOW Dit FLOCK. - «ene. eauierse cot ss % 

Stop-log sluices ............ Bien herner nes eos 

Operating machines................ Psa ts Each. 
Channel— |. 

EIXCAVTULOnTOCK A WObr neces sie so eles aie On VS: 


Excavation, rock, dry........ 

Excavation, earth, wet..........-.2.00005 
Bamkalinan cee eke one eae os) ee Sie eke ais 
Range lights, marking piers, &c.........: Dec ctate 


Damages— . 
Land and rights.. Pear ener ah os cte wena atesayhe allele Saunt 
IACKURIVEL GIVerslonln. cts. aos. siavin res eae ow eee 


’ 


‘Contingencies, engineering, &c..............0000008: = 


Start. Tate ee oe RTT Le eee 


Quantity. Price. 
$ cts 
137,852 1 00 
ote Kies ep es 
93,114 3 50 
7,600 7 50 
123 ,600 O 50 
890 120 00 
8 500 00 


eee ee ere ee ree lo sere ee so ene 


489 ,504 0 50 
122,326 0 50 
142,100 1 00 
Mienieneielstavtces Sean ao. 
380, 648 3 00 
792,485 1 00 
5,134,481 |20c., and 35 
20,000 2 00 


PL OUs 8.8 6) 6 bcle4ehs, a, |e Bye e; 0, 0) 010-000) ‘s,s 


Peale, So ecie! or 6. het 8 Bie) \erre: Mel ea) peter tmiresien is 


Sviel ey te fa; <6. jo% ser ites 0. fle) eva lia: ef al qu.d) wm verses tier ie 


wi ea a ee, om. Bales iene (ere ele le) 6 site rs [tele 


For analysis and general features refer to page 119 and estimate plan No. 23. 


19a—25 


Cost. Totals. 


137 , 852 


15052, 265 


244,752 

61,163 

142,100 

137,009 

3,500 
588 , 524 


1,141,944 

792,485 

1,132,041 

40,000 

43 ,050 
3,149,520 

4,730 

20,000 
24,730 


4,815,000 
Suet crore 481,500 


RBs beotc, Hage 5,296,500 
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Waltham Lock to Des Joachims, Miles 212 to 255—(Mile 265 Main Line). 


Surface Elevation 350, Surface below Lock, Elevation 37 0, Lift 20 feet. 


Description. 


Waltham Lock— 
PxcavatonrOck fdryy ss ces oe vac ene 
Unwatering 18) KOMEN lon Pion gge) parte) Mier SAU aL ary ert see 
Concrete, lock walls, &c...............00. 
Entrance piers, SEbWOrk. 4 ee eee 
Entrance piers, concrete wall.. 
Entrance piers, rock fill (back ‘of f wall)... 
Lock gates.. , i 
Gate operating qosehinies tar aan 
Filling and emptying valves and machinery. 
Gate and valve motors, storage ace Gente: “ 
Bollards, ladders, life chains, &e.. a aie 


Dam and Regulaticn— 


DanisrocklOOsesnnsuacse ede Gen meee. C. vds. 
PRINS CRYUUNEAOE. ba res eer ee ns hatte us 
Dam, borrow pit, rock. Seas ‘s 
Stop-log sluices.. Seas 
Operating machines. . Each 


Channel-— 
Excavation, rock, wet. 
Excavation, rock, dry... as Roh Rai rar UMP 
Range lights, marking piers, eis a eae 


Damages— 
Mandgandthentse-c 0. aetna ee 


$1 Herat ioltel fevietle fe site Ka) lel 6s) «i tele) tele 


Quantity. 


Price. 


71,380 


Bi te) (ese el ale: fe felene Mar itis 


129,192 
749 , 864 


Si ele? e. 4s eel 61,70: 


CC ee 


#50) 0 oie © ‘6, 1616 1s) 8170 


sl eve. ie sere) w eum «eis 


Sew SiG ie, e"ie, ba elm) esti 


Cost. 


132,516 
24,010 
24,761 
89, 663 

3,500 


387,576 
749 , 864 
61,200 


68 , 750 
10,000 
10,000 
65,000 


For analysis and general features refer to page 120 and estimate plan No. 23, 


Totals. 


826,079 


274,450 


1,198,640 


153,750 


2,453,000 


245 , 300 


2,698 ,300 
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MACKEY REACH VIA McCONNELL LAKE. 


Des Joachims to Ferris Bay, Miles 265 to 271. 


387 


Surface Elevation 410, Surface below Lock, Elevation 370, Lift 40 feet. 


Description. 


McConnell Lake Lock— 
Excavation, rock, Dry cereacs Sata tear Ae eee Co 
Excavation, earth dry.. % 
Unwatering pit.. 


Concrete, lock walls, eC eee me ee oes C. yds 
Entrance piers, Cribwork har Sess te. Gs 
Entrance piers, concrete wall.. a 
Entrance piers, rock fill ey ‘of f wall)... 
Lock gates.. : 1... Tons 
Gate operating HeRehites one bak ee Each 


Filling and emptying valves and machinery. 
Gate and valve motors, storage Detieres: lights. . 
Bollards, ladders, life chains, &c.. a 


Dam and Regulattion— 


Matar rocks 1OOSE es eo sche vrs se a ns C. yds.| 
DAT eartineta COs us chal sfelomel elo slessudiende de ‘ 


Dam, borrow pit rock......-.--+-.+-+-e0- 
Stop-log sluices............-- 
Operating machines.... 


Channel— 
Excavation, rock, dry.. ii MDa dag 
Excavation, earth, dry.. Ry ie omes ta. o onan ace 
Range lights, marking DIETS OCG Pe ae Eee Cte Cre 
Damages— 
Wandeandarie Hest te aeeade emcee een ance weenie 
PAIS Way OLIGEO- sk ie oe andirctsch, «Ge Se we de 


Quantity. 


131,241 
475,045 


Che Le. 0. 0) ela ie sw: 3610, 0 


ee 


Pino a Cee err eect 


1,297,165 
3,126 


Price. 


Satie ey ie elusl si smielieheues ele el lelias ‘e.\eceitete. nals) 


ale: seca) wi iener ve (el re 


166, 266 


1,297,165 
64,094 
14,750 


5,000 
10,000 


Totals. 


1,500,179 


209 , 954 


1,376,009 


15,000 


3,101,200 


310,120 


3,411,320 


For analysis and general features refer to page 118. 
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MAINTENANCE. 


_ The canalization of the French, Mattawa and Ottawa rivers on the scale pro- 
posed, would probably form the largest navigation system of the kind ever attempted, 
and the question of the cost of annual maintenance is a feature which has to be 
considered very carefully. 


Maintenance may be analysed under six different heads :— 


ey 


. Cost of engineering staff. 


bo 


. Cost of operating staff at locks. 

. Cost of attendance staff for channel lights, bridges, sluice-ways, &c. 
. Cost of repair staff, crews for repair outfits, &e. 

. Approximate cost, attendance storage regulation. 


or HR 09 


on) 


. Approximate cost of materials required annually for repairs, renewal of mach- 
inery, «&e. 


1. Cost of engineering staff.—The duties of the main engineering staff of the 
waterway would be to keep the canals in repair and superintend necessary construc- 
tion due to maintenance of channels, locks, operating machinery, lights, &. 


The staff would consist of a chief engineer, who would at the same time be 
superintendent of operation, assistant engineer, technical draftsmen, (design, mech- 
anical and electrical), one chief electrician, one master mechanic, and necessary cleri- 
cal help. 


The pay for the above may be approximated as follows :— 


Chief engineer and superintendent 


of waterways.. .. .. .. .. ..$ 8,000 per year xX 1= $8,000 
Chief assistant engineer .. .. .. 5,000 a x t= 5,009 
Assistant engineers, each.. .. .. .. 3,000 & MOT == 6000 
ChiefWelectrician’.\. Go eo ae ts 25400 “a x 1— 2,400 
Master IMeCHATIIC Ll oc 6s ote & heroine 2 eeO e x 1— 2,400 
Technical draftsmen, each... .. .. 1,€00 ee < 2Zs= 3,600 
lerkeottworke its caer a et Ode x1= 1,500 
Ordinary draftsmen’ and clerical attendance... .. .. .. .. 5,000 
Travelling expenses, disbursements, &.. .. .. .. .. .. +. 5,000 
AGE ee a nae EE ae ee eS OO, OO 


2. Cost of operating staff at locks: There will be required at each single lock, 
one lockmaster, one electrician, one assistant electrician, four motormen—two for each 
shift—one electric lineman, and eight linemen—four each shift. 

For each flight of two locks; one lockmaster, one electrician, one assistant elec- 
trician, six motormen—three each shift. one electric lineman, and ten boat linemen— 
five each shift. 

The following table will therefore give the required strength of staff for each 
step in the canal profile. 
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In case of two single locks being close together, electricians are supposed to 
attend to both. 


Lh. j 


Assistant Lock Electric Boat 
Lock Location. Lockmaster. Electrician. ; 
Electrician. | Motormen. Linemen. Linemen. 
Don trials sok toc) scatuc es: 1 1 1 4 1 8 
ELUM cree! Ree ec ele Ds, Aare a tea Rete a eee eae © 4 i) 8 
DtewADNE Nee tsa ee 1 1 1 4 1 8 
Pointe Fortune........... 1 1 il 4 1 8 
Hawkesburry............ 1 1 1 4 1] 8 
FISH INGt hence ae eee 1 1 1 A 1 8 
Hit Nome er 4a7 lak | EEN Sates UN erat che ea oR E ray nN 4 1 8 
USS MTG rink ets eee ML. 1 us a 4 1 8 
Chena ux Fy tied vie ahs Gee Uy 1 1 1 ' 4 1 8 
Rocher Fendu No. 1...... 1 1 il 4 1 8 
Rocher Fendu No. 2...... LNAI plorckartreee bee mae pleas Seren a 4 1 8 
Paducttomtent.. fete eee - 1 1 1 4 il 8 
esJoachims......... eae i 1 1 4 1 8 
Rocher Capitaine. il 1 1 6 1 10 
CUxpRIViere st cerura 1 1 4 4 1 8 
Mattswareen ae. ee eae 1 u 1 4 1 8 
PiaiiOnane acs ou. on 1 1 i 4 1 8 
CR DINGS aiken cee ok 1 1 1 4 1 8 
Lower Paresseux. i) 1 1 6 1 10 
Upper Paresseux. 1 1 1 6 1 10 
North Bays ie ce oc ae 1 1 1 4 1 8 
Whatidicrencese cece doo 1 1 1 4 1 8 
Five Mile Rapid....... 1 1 1 4 1 8 
Da ltee see ee 2a We nN 1 1 il 4 1 5 
24 21 723 102 24 198 


In addition to the above there will be required three division suverintendents for 
operation with a staff of clerks. 
The expenditure may be approximated as follows :— 


Division Superintendents, $3,000 per: year, eX "Sis 9,000 
Staff of clerks for the three Ciyisione et ot ete a 9,000 


Lockmaster (single lock), $1,000 per year, x 21—= 21,000 
Lockmaster (flight locks), 1,200 per year, x 3=—= 3,600 
Blectrician 2 see ei... 900 per year, x 21— 18,900 
Asst. Electrician .. .. .. 700 per year, x 21— 14,700 
AT opormen as fae ws ee 400 per season, x 102— 40,800 
Electrical linemen .... .. 350 per season, x 24— 9,600 
oateinemen. ite he. ee 350 per season, 69,300 
Becca MOU eer gis, AMR ee a eae ut Cate 2,000 


ROTA ope oa as, Ms, tere aia 197,900 


3rd.—Cost of staff for attendance to channel lights, bridges, sluice-ways, tele- 
phone lines, ete. At each of the sets of regulating sluice-ways, attendants will be re- 
quired for the constant handling of the sluice gates to maintain the required ele- 
vation of the pools they control. 

The bascule bridges will require either one or two bridge motormen, according 
to the bridges being single or double leaf structures, two shifts to be provided. - 


Telephone attendance may be assumed to be done by the regular staff at each of 
the lock, bridge and sluice stations. 


For the up-keep of the lighting system other than at the locks, it is assumed that 
a launch patrol system covering the different reaches would be the most convenient 
arrangement, So as to cover the stretch assigned to it, daily for inspection and such 
repairs as would be found necessary. 
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The initial cost of the launches may be considered as included under lighting in 
the main estimates , a sufficient amount being allowed therein by an excess percentage 
for contingencies, equipment, ete. 


The expenditure in connection with the above may be detailed as follows :— 


Sluice attendants, .. .. .. $600 per year, xX 40=—= $24,000 
Bridge motormen .. .. .. 600 2 shifts, x 44=—= 26,400 

24 launches, 50 men, 400 per season, including lighthouse 
Pe Se eee aig Meio b's caps eee ee ate, ee 20,000 
Rotaledc areas $70,400 


4th.—Cost of repair staff, crews for repair outfits, etc. 

It may be assumed that floating plants with their crews, for all repair work to 
gates, lock machinery, bridges, sluice-ways, ete., would be located at Montreal, Ottawa, 
Pembroke, Mattawa and North Bay. 

This will make five plants the cost of which may be considered to come in the 
general estimates under the percentage increase for contingencies. 


The expenditure for wages for one plant may be detailed as follows :— 


Gate lifter, one man in charge, per year .. .. .. ..$ 500 
Tug and crew, $20 for 210 days .. .. .. .. -. «+ >. 4,200 
Floating shop and crew, $15 for 210 days .. .. .. -- 3,150 
Mee Ole Wenlictk tet s <e ae lnasele me tenis ee ae 4,200 
Supply boat and crew .. Mee Pee es ra oe 4,200 
Dredge, scows, tug crews, $50 for 210 days .. .. .-- 10,500 
Miyinesoumit and belpers’.0 2 Mo. ye a ee 2,500 
CAE LE OMe. le ae te che goa ete bate) eg fara es 2,500 
Peart os vOUL IGT Ame ee Gee ee eas hee ene aM ae es Satay ae 2,500 
Pam ay aon Ne ah Da racers a cl a Sak he eae ca 3,000 


Dota ota ke hae 37,250 
Five outfits at $37,250 — $186,250. 


5th.—Cost of attendance, storage regulation, telephone lines, repairs, &e. 

For the storage reservoir system about 200 men for sluice operation, telephone 
lines, &e., will be required to remain resident at the various dam sites. This will 
require the following approximate expenditure in wages :— 


100 men at $500 per year.. .. .. $ 50,000 


Extra help during high water period... .. .. .- «+ -- 10,000 
Annual repairs to dams, &c.. .. .- 22 ee ee ee ee ee oe 30,000 
PDEA Uae a tu ledl he tone ie oe etna eda aa SOO 000) 


6th.—Approximate cost of materials, supplies, power, &e., under this head would 
be, cost of production of power, materials required for repairs, renewal of machinery, 
supplies for lights and boats, &c. Some of these items can be analysed and a fair ap- 
proximate cost arrived at, but others can only be assumed. 

In an analysis of cost of maintenance prepared for the Sault Ste. Marie, the 
Soulanges and the Welland canals, which is given for different years, it will 
be remarked that repairs have generally approximated the amount paid in wages to 
the staff employed. 
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SAULT STE. MARIE CANAL. 


TABLE SHOWING DETAILED COST OF MAINTENANCE. 


Se ae Be 
sas! ¢ | £3 Seas aa f |E f Total Cost 
bp, © Ki 4 ge, ges o xpenses o - 
Year, g ta fg ao § z 5 MS a , Repairs. » “ob 
eS 6 mis E “Suc Staff. Staff. Maintenance. 
Bee Ss ei #8 5 On 
DN = io) 4 in 
$ cts. $ cts. $ cts. $  §=ets. 
1901=02.. OR. 5 8 11 12 36 16,427 47 1,006 53 14,839 71 BP ie Pata) 703) 
1902-036 4a ns 5 11 13 lt 40 16,609 94 1,000 08 10,855 70 28,465 72 
1903504 eedaa 5 9 14 7 35 15,169 57 793 93 9,491 44 25,454 94 
1904-05......... 5 8 14 11 38 16,732 54 981 41 14,776 33 32,490 28 
1905-06 tee 6 9 LNs 13 45 15,835 49 e505 22 20,086 15 37,426 86 
AVeragve: sane 5 | 9 14 | 11 39 16,155 00 | 1,057 43 14,009 86 31,222 30 
Ne ee ES 
Notr.— Between extreme ends of the entrance piers, 5,967 feet. One lock. 
SOULANGES CANAL. 
TABLE SHOWING COST OF MAINTENANCE. 
See eR 7 : 
Ow ; % 
Ba5| 2 ($2s| a 
ae: o 5 5 M3 © Wages Wages of Staff Total Cost 
Year. BP Sta Bere ps cs of Men for Repairs. Sof 
mA 2 6 | ROO | a One Lock, Staff. Expenses, Maintenance. 
ges Ss Sag 3 
n SIS [ oe 
5 ; 
$ ets. $ ets. $ = ets. $ ets. $ cts. 
1902-03.. . | 5 22 55 80 1,475 14 18,749 93 2,384 84 22,810 89 43,945 66 
1903-04... 5 on B¥6 63 1,490 30 20,787 41 6,264 79 26,929 28 53,981 48 
1904-05... 5 22 62 89 1,540 09 21,675 70 5,463 04 21,174 84 48,313 58 
1905-06... 5 22 42 69 1,600 71 22,699 11 3,882 11 17,096 33 43,677 55 
Average... 5 22 49 75 1,526 56 20,978 04 4,498 70 22,002 83 47,479 57 
— a ee 
Norr.—5 locks and 1 guard gate. 7 bridges. Canal 14 miles long. 


CORNWALL CANAL. 
TABLE SHOWING DETAILED COST OF MAINTENANCE. 


1902-03.. . 
1903-04.. . 
1904-05... . 
1905-06.. . 


Average.. 


as 4 
1 q . 
gs < : et E ae 
ES g |O&Ss ce Wages 
oe) g Te z| = | of men for 
eae!) 2 30, G& | One Lock. 
gee 2 & £AQ 5m 
n 4 =| 
$ cts. 
4 34 OU 47 2,351 37 
2 30 9 46 2,494 74 
4 29 10 43 2,793 50 
3 32 28 43 2,824 05 
\ 
Sue cSt 9 45 2,615 91 
i 
Norr.—Length, 11-5 miles. 6 locks, 


22,339 02 


Wages of 
Staff. 


$ cts. 
20,019 56 
20,469 90 
23,137 06 


21,491 39 


$ ets. 


52,255 79 
26,702 54 
48,621 45 
50,395 45 
44,493 81 


Repairs. 


$ cts. 


19,205 66 
20,932 55 
28,100 67 
31,893 13 
25,033 00 


Total Cost 


of 


Maintenance. 


$ cts. 
89,334 95 
66,725 19 
99,859 18 
104,627 60 
$0,136 73 


2 bridges and 1 guard gate. 
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WELLAND CANAL. 


TABLE SHOWING DETAILED COST OF MAINTENANCE. 


393 


oe p 

eaa! eee) og 

Year. E et Bi Uae s et cos telat ia Repairs. Be 

eae ‘ ee 2 g One Loek. Staff. Expenses Maintenance. 

ae ot Pe pe SL TM tee ind ee blak Tue ao. Bis 
$ cts. $ cts. $ ets. $ cts. $ cts. 
1901-02.. 8 113 215 336 1,608.75 73,693 99 15,582 84 69,219 18 158,496 O1 
1902-03.. 9 113 229 | 351 1,608 77 77,822 83 15,336 03 72,004 59 165,163 45 
1903-04... 9 120 , 272! 401 1,616 25 | 77,761 57 16,472 45 | 85,717 88 179,951 92 
1904-05.. . 8 113 | 273 394 1,640 32 | 79,694 90 17,098 13 | 111,418 62 | 208,211 65 
1905-06.. . 10 115 265 390 1,656 90 85,416 82 24,016 23 78,704 93 188,138 08 
Average... 9 115 | 251 374 1,626 19 "78,878 02 17,701 13 | 83,413 04 179,992 22 
Notr.— 25 locks. 26-7 miles. 1 guard gate. 


In the case under consideration, the total expenditure in connection with opera- 


ting staff, as prepared in the previous pages would amount to $307,200. Assuming 
therefore about the same amount for materials, &., would seem ample to cover this 
part of the maintenance, and $300,000 is added to the figures relating to the other 


items, 
SUM MARY. 
eto cnenineeriney stat . 0 gn ee ace are Sie buat oe Ge POO OO 
Cost of operation staff at ee npr Re amy 08 ETE 
Cost of staff, lights, sluice and bridge er. i Ce 70,400 
Cost of crews for repair outfits, &c.. 186,250 
Storage reservoirs, wages and up-keep.. .. .. ..... «- 90,000 
Materials for repairs, machinery, &.. .. .. ee es VEE) 


Operation and repairs per year would then be as tibea — 


Operation canal proper.c cs se «se se ooo sb 800,200 
Operation reservoir system.. .. .. «. «- 90,000 
Repair outfits and materials, &e.. .. .... 486 250 
NOLO IV Cy kao. tat ctel par $883,450, say $900,000 
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BARGE CANAL VS. SHIP CANAL. 


During the course of the survey, the suggestion has often’ been made that a 14 
foot waterway or barge canal would be all that would be necessary to meet the re- 
quirements of commerce and that it would be much cheaper than a 22 foot canal; 
therefore it could be undertaken much more easily at the present time, without taxing 
the resources of the country to a perceptible degree. If Canada did not possess al- 
ready a first class 14 foot waterway from the Great Lakes to the Seaboard, and did 
not feel, so evidently, the need of something better, then a barge canal through the 
Ottawa, at relatively low cost, should naturally be given the most careful consider- 
ation. 

In the light, however, of actual experience on the St. Lawrence canals, it is pro 
blematical whether a similar canalization of the French and Ottawa rivers would 
meet with greater success in diverting the commerce of the Great Lakes, which 
should seek the Canadian channels. 

It is recognized that the bulk of the traffic on the Great Lakes is now carried 
by boats drawing from 15 to 20 feet of water when loaded, and the most successful 
carriers are those from 5,000 to 12,000 or 13,000 tons capacity. 

A waterway that will be able to accomodate the present lake fleet, passing the 
largest lake freighters when necessary, rather than only accommodate a special class 
of boats of limited size, which would have to be built, is bound to attract immediately 
the attention of shippers. Moreover, when this waterway-can show from the head 
of the Great Lakes to the nearest Ocean Port, a through route shorter by nearly 300 
miles than any other existing or possible route, thus assuring faster trips, quicker 
and larger returns, and lower through rates, it is bound, in my opinion, not only to 
attract attention but to secure trade. 

In such a matter of truly national importance the difference ‘in cost of thirty 
to forty million dollars, for a barge canal as compared with, say, 100 millions for 
a ship canal should not be a ruling factor. The benefits to be derived by the expendi- 
ture of the smaller amount on the shallow draft canal are very doubtful, and, in my 
mind, under the circumstances could hardly be justified, while the larger project 
seems to offer reasonable chances of success and provide for future requirements. 
This should be the deciding factor, if the cost can be borne by the country. 

I must therefore record my opinion, in favour of the 22 foot waterway. Any 
money proposed to be applied on a barge canal would give better results if expended 
on railway lines or in improving the present St. Lawrence canals. The waterway 
which must meet modern conditions must also be designed for future needs and the 
various aspects of the conditions governing the probable requirements may be briefly 
reviewed. 

At both ends of the proposed Georgian Bay Ship waterway are two different 
systems of water transportation, which commerce demands should be united in the 
most efficient manner by both rail and water transportation. 

At the eastern end, is ocean navigation with its steamers of ever increasing size 
and draft, relatively difficult of handling through restricted channels and in berthing, 
requiring at present channels 30 feet deep and over and five to six hundred feet wide. 

At the othe r end, on our large inland seas, there has been developed a special type 
of vessels of very large dimensions, limited in draft to 20 or 21 feet, extremely easy 
of handling around sharp bends and in narrow channels, quick to obey the steering 
gear, but of such construction that they cannot probably weather the storms of the 
ocean. They are well fitted for inland navigation and coast trade. 
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In connecting these systems of navigation, it seems reasonable that the channels 
uniting them should be of such size and depth that they will at least allow the large 
type of freighters which have developed the cheapest inland transportation in the 
world, to reach seagoing vessels at the nearest Ocean Port without breaking bulk and 
in the shortest time possible. At the present time, when the paths of commerce on the 
Great Lakes have already a tendency to be diverted from what seems their natural 
channels, any connecting link of a shallower depth is practically certain to be un- 
successful. If it was a matter of extending an established system of river navigation, 
or connecting two systems of canalized rivers of fixed shallow depth, there would 
be no object in going beyond that depth for the proposed improvement. This would 
be governed by the fixed conditions on a part of the system already in existence. For 
instance, after the building of the Georgian Bay ship waterway, one of the branches 
which will probably have to be considered, will be the canalization of the upper 
Ottawa, joining first the Lake Temiscaming waters with the main eanal. In such a 
case, the navigation on the lake will govern the depth to be given to the canalized 
river. . 

Viewing the question in all its aspects it is felt that the waterway, if undertaken, 
should be built on the broadest lines possible. 

In a growing country like this, with its vast possibilities, great wheat, mineral 
and forest lands, whose territory extends from the Atlantic to the Pacific, having on 
its southern boundary the most extensive system of inland waterways in the world, 
there is no doubt, that the future volume of its trade and transportation will be be- 
yond all our expectations. 

In the United States today, it is found that the domestic commerce is very much 
larger than the foreign commerce, due in large part, according to the most eminent 
economists, to the Great Lakes which have rendered this development possible. With 
the improvements of harbours and channels, the lake transportation is expanding 
rapidly and Canada should control and direct its proper share. 

The Great Lakes which represent about 1,000 miles of navigable length are con- 
‘nected with the sea by the St. Lawrence river, a waterway with a depth of 14 feet 
being available from Lake Ontario to Montreal. Below Montreal a channel suffi- 
ciently deep for ocean vessels exists, and this is being deepened and widened to meet 
the increasing size and draft of modern steamers. 

The St. Lawrence canals have not been successful in diverting a fair share of the 
lake transportation. Modern lake freighters, which have contributed in giving the 
cheapest transportation rates in the world on the different lakes cannot, on account of 
their size, use the present canals. A special type of boat had to be developed and since 
the 14 foot canals were completed, comparatively few vessels of the required type have 
been built. - 

When the present St. Lawrence Canal system was completed very few harbours 
on the lakes had more than 12 or 14 feet of water and such enormous freighters as 
now exist were not contemplated. The harbours have been deepened since to keep 
pace with the development of cheap transportation, but the chain of canals once 
cast, could not be enlarged so easily, as their deepening involves the reconstruction 
of very expensive structures, which has to be done without interfering with the existing 
navigation, meaning practically, in most cases, the cutting of new canals and the 
erecting of new structures. 

At present all the connecting channels on the lakes are from 19 to 21 feet in 
depth, at low water stage, and a great many harbours will accommodate vessels of 
90 feet draft. A decided movement in the deepening of harbours and channels to a 
depth of 12 feet, by the United States government commenced in the seventies. In 
the eighties, the tendency was to secure 16 feet, and the policy of securing 21 feet 
was carried out in the next decade. 
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Since then the size of vessels has increased gradually and now the commerce of 
the Great Lakes is carried in ships drawing from 15 to 20 feet of water. 

No doubt, in the future, the Canadian government will be obliged to inerease 
the dimensions of the St. Lawrence canals. But this should not be set in opposition 
to the Ottawa river route, which is the most direct and quickest possible waterway 
from the northwest to a sea port. Only that route, in my opinion, can ever success- 
fully compete with the routes which the United States authorities are trying to 
develop, and keep the transport of our trade within Canadian territory. But it must 
be made of such depth and dimensions that it will fully meet the requirements of the 
lake commerce, or otherwise it should not be undertaken. 

Undoubtedly, in the near future, the growth of our trade will be such that all 
transportation routes will be taxed to their utmost. 

The Georgian Bay ship canal, if built, will occupy a privileged geographical 
situation over all other arteries of commerce leading to an ocean port. The reduction 
in time of transit will allow vessels to make more trips during the season. which will 
have a tendeney to reduce the rates from Fort William to Montreal. Its northern 
position will give great advantage for the transport of perishable goods. Its course 
is far from international boundary lines and no international waters are involved, 
it being fed by waters entirely within Canadian territory. : 

The United States government is now spending $25.000,000 yearly on the im- 
provement of its harbours and inland waterways, and it is proposed to increase this 
sum to $50,000,000. 

European countries have found it to their advantage to provide facilities for 
both rail and water transportation. England, Germany, France, Belgium and Holland 
have given much attention to improving their waterways and enlarging their canals. 
These countries have prospered, owing to the perfection of their roads, to the equip- 
ment of their ports and the large number of waterways which they are constantly 
trying to improve. 

The efficiency of the Georgian Bay ship canal, if built, will not only depend on 
large dimensions and modern equipment, but also on the business organization by 
which the services of transportation are to be performed. 

In the present system of transport on the Great Lakes, there are four different 
services:—the individual boat-owner, the large companies engaged solely in the 
carrying trade, the railway companies operating fleets of vessels in conjunction with 
their railway lines, and the mining and manfacturing companies controlling fleets 
of vessels of the most modern type. 

It is noticeable that in recent years, the individual boat-owner has been driven 
from the lakes, and now the liveliest form of competition is between the transportation 
companies and the mining and manufacturing corporations. 

When the former demand an unreasonable rate, it is answered by the latter becom- 
ing carriers themselves. This has led to gradual concentration, and also to the de- 
velopment of the most economical type of vessels to meet transportation and trade 
requirements. The possibility, however, of these powerful organizations using the 
proposed canal will not lead to its control by them, as unlike a railroad it may be 
used by individuals thus ensuring competition and cheap rates. 

The total enrolled tonnage on the Great Lakes is now over 2,000,000 tons; 90 
per cent of which is composed of iron ore, lumber, grain and flour. Owing to the 
great amount of iron ore transported from Lake Superior Ports to the soft coal 
fields, the East bound traffic is almost five times that of the West bound. (See diagram 
page 400.) 

When Canada has a greater population and is more highly developed, it is pro- 
bable that the proportions between the East bound and West bound traffic will become 
more evenly balanced. In the course of time, many sections of the country, will find 
both railways and waterways necessary for supplying adequately and economically the 
transportation service required to meet business conditions. 
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Reverting to the question of barge canal against ship canal, the remarks made by 
the United States Board of Engineers in this connection in their report on the pro- 
posed 14-foot waterway, from Lockport, Ill., to St. Louis, Mo., by way of the Des 
Plaines and Illinois rivers and the Mississippi, entirely confirm the views expressed 
in the preceding pages. They state that the use of barges is on the decline and’ very 
few, if any, new ones are being built for the lake trade. 

The part of their report referirng to this is of great interest and may be quoted 
here at length :— 


“The tendency of modern shipbuilding is to increase the size of vessels when 
the depth of water and the volume of trade permit it. As the old fleet wears 
out and is replaced by new vessels, it is probable that the proportion of trade 
carried on the lighter draft will become less than that just given. From which 
it appears that a draft of 14 feet will not accommodate the most important lake 
trafiic. 

As this depth is not sufficient to accommodate lake traffic and is more than 
is needed for existing river traffic (Mississippi river) the proposed 14-foot water- 
way, if fully utilized, must be adapted to a traffic different from either. The 
fleet which is to use it, is not now in existence. It seems probable that when erected 
it will consist to some extent of steel barges built to draw 12 or 13 feet when 
loaded and towed in groups by powerful tow-boats or tugs, after the method 
followed on the Mississippi river, modified to suit the greater depth, narrower 
channels and gentler currents. ‘The tows will probably consist of fewer barges 
and the barges will probably be of a different model, being longer and deeper 
for the same beam. Omitting the coal tows from the Ohio river as inapplicable 
in any event to the proposed waterway, the most important barge traffic so far 
developed on the Mississippi river was that of the Mississippi Valley Transporta- 
tion Company, of St. Louis, carrying freight, principally grain, from St. Louis 
to New Orleans. The fleet of this company in 1889 consisted of 18 tow boats and 
102 freight besides 10 fuel barges. The standard barge was 225 feet long with 
36 feet beam, and carried 1,400 tons of grain when loaded to a draft of 8 feet, 
8 inches, which was the maximum safe draft. A tow consisted of five to seven 
of these barges, two or three abreast, the others in tandem. . . . A maxi- 
mum tow carrying 9,800 tons would cover an area of about 675 by 108 feet. The 
largest amount of business which the Company did in any one year was in 1889, 
when it moved 549,464 tons of freight. From that time the business declined 
and the managers soon decided that they could not compete with the railroads 
which were being developed rapidly. 

The building of new barges was stopped in 1893, and from that time forward 
the fleet was reduced whenever a favourable opportunity for selling a portion of 
it arose. In November, 1904, the number of tow boats having been reduced to 
three and that of the barges to thirty-two, the entire fleet was sold to the Monon- 
gahela River Consolidated Coal and Coke Company, of Pittsburg, and the St. 
Louis company went out of business. It is understood that the purchasers will 
use some of the vessels for such grain business as may offer at St. Louis, and 
will transfer the remainder to the Ohio river for the transportation of coal, but 
it may be said that barge traffic, except for coal, has practically disappeared from 
the Mississippi river. Barges are still used in local trade for transporting stone, 
sand, and lumber, one or two barges of moderate size constituting a tow, but the 
great through-lines for the transportation of large quantities of freight between 
important terminals, no longer exist. 

Turning to the Great Lakes, it is found that the use of barges there also is 
on the decline. Of the freight, which passed through the locks of the Sault Ste. 
Marie, in the years from 1888 to 1899, inclusive. nearly one-third was carried 
in barges, the percentage varying in different years from 26 to 33. In the year 
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1904, only 18 per cent was carried in barges. Of the lake traffic of Duluth and 
Superior in the years 1895 to 1899, inclusive, nearly one-quarter was carried in 
barges, the percentages varying in different years from 20 to 26. In the year 
1904, only 13 per cent was carried in barges. 

The foregoing are the most reliable statistics of traffic kept anywhere on the 
Great Lakes. Very few, if any, new barges are being built for the lake trafic, all 
new vessels, as a rule, being made self-propelling.” 


The above shows clearly the decline of barge traffic on the Great Lakes as well 
as on the Mississipi and further comments on this question are unnecessary. 

As to the relation between cost and probable benefits to be derived from the con- 
struction of the waterway, sufficient has been said to show the importance of provid- 
ing channels of such depth and width which will meet the requirements of modern 
transportation, and insure returns to the general public commensurate with the amount 
of money invested, at least, in indirect results, if not by revenue from tolls levied 
on tonnage. 

Heavy tolls, high enough to cover cost of maintenance, interest on capital, sink- 
ing fund and profits, might have a tendency to defeat the object in view in building 
the canal, and it might be necessary to make it a free waterway or impose such slight 
tolls that with the revenue derived from the leases of water-powers, the cost of main- 
tenance at least would be covered. It would be very hard to establish the true relation 
between cost and probable benefits, either direct or indirect of such an undertaking 
and any attempt at calculations in this regard would have to be based on assump- 
tions. 

Perhaps, a safer guide than expert reports and figures in this connection, is the 
feeling which pervades the general public and particularly the transportation and 
business men, that the canalization of this route for large navigation is of primary 
importance to the interests of this country. 

As to the advisability of expending such a large sum for its construction, and 
whether the country could at the present time afford this expenditure, is a ques- 
tion on which, no doubt, differences of opinion will arise, but which I am not called 
upon to discuss. 

The same remark applies to the erscee of rates and the saving which might be 
effected should the proposed waterway be built. This is a matter of discussion quite 
outside the limits of this report, and only a few general remarks are offered for con- 
sideration. 

It is well known now, that transportation by water on a first-class anes is not 
only cheaper than by rail, but often much quicker. 

It is recognized in the United States that the average movement of freight by 
rail is only tweniy-five miles per day, or about one mile per hour, including of course, 
ali delays at stations and at terminals, where cars are frequently side-tracked for 
several days. Any one conversant with the movement of freight on the Great Lakes 
can see that the average there is considerably above this figure. 

Mr. Joseph E. Ransdell, President of the National Rivers and Harbours Con- 
eress. in tho Annels of the American Academy of Political and Social Science states: 


‘As to the relative cost by the two methods, there can be no difference of 
opinion. The Interstate Commerce Commission reported that the average cost 
of moving freight by rail in 1906 was 7°48 mills per ton per mile. The statistical 
report on the lake commerce for 1906 by Colonel Davis, U.S.E.C., shows it cost 
to move over 51,000,000 tons through the Sault Ste. Marie canal last year .84 
mills of 1 mill per ton per mile or one-ninth of the average rail rate : 

From the best information I can get after a careful study of the subject, I 
am convinced that waterway transportation in this country, under favourable 
conditions, costs only about one-sixth as much as the average cost by rail. The 
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above remarks apply to the lakes and rivers and furnish unanswerable arguments 
for their improvement.’ 


He further states that practically all expenditures on waterways have been profit- 
able investments. They have returned in reduced freight rates to the United States 
people from 100 to 200 per cent yearly. 

There is no doubt that money expended at present, on well advised improvements 
of harbours and rivers is a wise expenditure which benefits the entire country. 
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CONCLUSIONS AND ACKNOWLEDGMENTS. 


The main deductions resulting from the different engineering questions treated 
in the preceding pages are briefly stated in the letter of transmission given at the 
beginning of this report, and need not be repeated here. 

Before closing, however, I desire to express to the government, and to the high 
officers of the department, my earnest appreciation of the confidence reposed in me, 
and in the principal engineers, Messrs.’C. R. Coutlee and S. J. Chapleau. 

The cordial good will of the departmental staff, in facilitating a most arduous 
task, is highly appreciated, and my thanks are due especially to the chief engineer, 
secretary and accountant branches. 

The universal courtesies extended to the executive officers of the survey by all 
engineers in the government service both in Canada and the United States, or in private 
practice, and other persons with whom it has been our privilege to consult and to 
whom we are indebted for much valuable information, are gratefully acknowledged. 

To all the members of the survey and office staffs, I desire to express my most 
sincere thanks, for their hearty willingness, and full appreciation of the importance 
of the work, and particularly to Messrs. Coutlee and Chapleau, to whom I feel under 
obligation for their cordial co-operation, untiring energy and professional ability. 

As secretary of the board at head-quarters during the progress of the survey and 
later in the arrangement of the final data, Mr. J. M. Somerville is deserving of special 
commendation for the careful and efficient manner in which his duties were performed. 

A list of the employees appears in the report under the heading of ‘Survey,’ and 
‘they all deserve favourable mention for the faithfulness with which the different duties 
assigned to them have been fulfilled. 

Some papers giving additional information in relation to the proposed waterway 
are herewith annexed as appendixes. The maps published, on account of their small 
scale, do not contain all the information collected, and reference is made to the detail 
maps to a scale of 400 feet to 1 inch, filed in the offices of the survey, where they 
may be seen on application. 

Valuable information has also been compiled by Mr. A. T. Genest, C.E., on the 
eanals of the world, which it is found impossible to publish in this report, and which 
has been filed with the records of the survey for future reference. 


Respectfully submitted, 
A. St. LAURENT, 


Engineer-in-charge. 
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APPENDIX A. 


SURVEY RULES. 


1. All surveys, plans and estimates as directed to be made under the authority of 
the Honourable the Minister of Public Works, will be executed under the immediate 
direction and control of the engineer in charge acting for him. 


DISTRIBUTION OF WORK. 


2. The surveys will be divided into three districts as follows :— 


(1) The Nipissing District or District No. 1, will embrace all that portion of the 
country between Georgian Bay and Des Joachims rapids on the Ottawa river, by 
way of French river, Lake Nipissing, Trout lake, Talon lake, Mattawa and Ottawa 
rivers. 

(2) The Ottawa District or District No. 2 will embrace all that portion of the 


Ottawa river between Des Joachims rapids and the city of Ottawa immediately below 
the Chaudiere falls. 


(3) The Montreal District or District No. 3, will embrace all that portion of the 
Ottawa and St. Lawrence rivers from Ottawa to Montreal; including an investigation 
of a possible outlet for the canal to the St. Lawrence river by way of the Riviére des 
Prairies. 


3. To each of these divisions a special district engineer will be assigned. 


These district engineers will report to, and receive instructions from the chief 
engineer through the special resident engineer in charge located at Ottawa. 

They will have direct charge and control of all sectional engineers in charge of 
parties under them, and will freely consult with the chief engineer and engineer in 
charge. 


OBJECT OF THE SURVEY. 


4 


4. The immediate object of the survey is: that when the notes are reduced and 
plotted, a location may be projected on the plans, for a ship canal of not less than 22 
feet in depth, a profile drawn and a final estimate made of the kind and amount of all 
material found neeessary to be excavated; the kind and character of foundations; the 
dimensions of all walls, locks, dams and other structures necessary for the complete 
design: and the delineating and estimating of all extra right of way for the canal 
zone proper where such is required as well as for spoil banks, and for overflow areas. 


RECONNAISSANCE. 


5. A careful reconnaissance of all work assigned to him shall be made in advance 
by each district engineer, or engineer in charge of parties, so as to confine within the 
limits necessary any surveys, levels, investigations, soundings and borings required 
‘or the examination of all possible routes. Careful consideration of the different 
metheds possible to accomplish the desired end must be given in every case; thus 
saving time, labour and expense, and yet, at the same time, obtaining all needed in- 
formation and data. ie 


GEORGIAN BAY SHIP CANAL SURVEY 403 


SESSIONAL PAPER No. 19a 


NOTES AND RECORDS. 


6. All the notes and records of every party must be full and complete, and must 
be clearly and distinctly written, not only with a view to their immediate use; but for 
their preservation for future service. 

7. They must be so full, clear and distinct that they can be quickly and intelli- 
gcntly interpreted and plotted by others who did not make them, and who may be un- 
familiar with the section surveyed. 

8. Each day’s notes must be headed with a brief description of the location of the 
survey, with the day of the week, day of the month, and the year, the name of the 
observer or recorder, the observer being the man who actually runs the instrument. 

On the following pages of the day’s work the date only and after it the word 
‘continued’ must be written. In the back or front of each note book an index of the 
notes found in that book must be recorded, a key to any abbreviations used, and a list 
of names of the parties and their respective positions. 

On the outside cover of the book must be clearly and neatly written which sec- 
tion and district of the survey it embraces. 

9. No record when once made shall be erased. When an erroneous note is re- 
eorded, cancel by drawing a line through the figures and rewriting correctly. 

10. All computations must be checked, and when checked a check mark thus V/ 
placed after them. On each page of each note book must be written the initials of 
the persons who made the computations and those who checked the same. 

11. All parties shall occupy themselves on days unfit for field work in the compu- 
tation and plotting of such notes as have not been kept up with the field work. It is 
well understood that all assistants, rodmen and chainmen when requested to do work 
on the books, or on the plans at night, in order to keep up with the field work, shall 
cheerfully do so; the relatively high.wages paid for these positions being given with 
this end in view. 


TOPOGRAPHY. 


12. The topographic detail will be based on continuous transit and level lines, 
cffsets or secondary circuit transit and level lines run when so required to obtain the 
necessary data. 

Topography will be taken with the view of correctly plotting contours for 5-foot 
intervals throughout each investigated route where excavation or construction work 
is likely to be done, and to embrace localities that are likely to be flooded by the rais- 
ing of the water level in rivers, lakes, &c., and within such limits as are deemed neces- 
sary by the district engineer. 

18. In addition to the contour lines to be taken, all buildings, or timber lands, or 
roads, bridges, culverts, railways, fences, streams, outcrops of rock and the kind, &c., 
within the limits of the survey must be located and defined, and the elevations of the 
base of different structures, &., carefully noted. 

Property lines with the names of the owners, should also be given, except in the 
case of small lots in towns or villages where this may be obtained later. 

14. When structures are along the line of the proposed canal, details of these 
structures should be given and the character of any bridges or buildings explained. 

15. The width, depth and cross sections of streams crossed by individual routes 
must be investigated for high, medium and low stages of their flow. Any information 
regarding extreme high water marks of flood heights obtained along the line of the 
survey, shall be noted together with the name and address of the informant, the ele- 
vation of the water, the date and year at which it occurred and all circumstances con- 
nected with the same; whether due to ordinary or extraordinary rains, melting snows, 
ice gorges, dams, &c. 
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TRANSIT WORK. 


16. A transit party will under general conditions consist of one assistant engineer, 
one leveller, one rodman, two chainmen, two or more labourers, boats or teams as re- 
quired. 

17. The main object of the transit traverse lines will be to serve as base lines for 
all subsequent investigations, topography, level lines, soundings, borings, &c. 

Oak hubs 2 by 2 inches by 12 inches long will be driven flush with the ground at 
all transit stations, tacked, centered and with a guard stake driven at the side; prefer- 
ably at some convenient fixed distance from the hub. Guard stakes will be of pine or 
oak 2 by 2 inches by 18 inches long, tapering to a point and dressed. 


18. Transit stations will be designated by conventional signs with the number of 
the station marked on the guard stake. A sketch must be made and incorporated in 
the transit book showing the location of the transit line, as run, and with at least two 
tie measurements for each transit station taken at an angle of from 30 to 60 degrees, 
er as near thereto as practicable, to form a sharp intersection to fixed marks or to 
stakes securely driven nearby for the purpose. Four tie measurements when practi- 
cable will be preferred. Permanent transit points such as a cross cut on a fixed stone 
cr solid rock must be selected when practicable. 


19. The area to be mapped may be covered first by a system of transit stations 
established by means of triangulation, the stations to be as far as possible intervisible, 
and to be used as main stations for the meander or traverse lines. It may also be 
surveyed by running meander or traverse lines at once, when it is impossible or 
impracticable to conduct the primary work by triangulation. In this last case if the 
traversing is done at the same time on both sides of the rivers by two parties, check 
angles must be taken as often as possible on the stations of both traverse lines. If 
only one transit party is employed, the traversing must be done by circuits, the river 
being crossed at every two or three miles and traverse lines run on the other side re- 
turning to the starting point, thus closing the circuit. The circuit thus formed must 
close in the field and on the plans within permissible limits as may be set by the dis- 
trict engineer and must close also by computation within prescribed limits; the method 
of latitude and departures being used for plotting. 

20. A true meridian shall be established at the beginning of the survey for each 
section, and also when connecting with the traverse system of adjacent sections. To 
do this follow the usual method of observation at elongation on circumpolar stars, 
Ephemeris being supplied for this purpose. 


21. The azimuth of the base or starting traverse line will be determined from the 
{rue meridian as established and is to be carried forward through the triangulation or 
main traverse. At each transit station occupied, the azimuth of prominent objects in 
the line of view, such as church spires, corners of prominent buildings, chimneys, 
prominent and specially shaped trees, &c., should be taken. 

The true meridian shall be used as the zero of azimuth, and all angles shall be 
read from left to right. 

Correction and distribution of ordinary errors of observation and for change due 
to convergance of meridians will be done as directed by the district engineer. 

22. All measurements of main transit traverse lines must be made with the 
greatest care and with steel tapes furnished by the department which have been tested 
for temperature and tension, the record supplied, and with plumb bobs. All such dis- 
tances must be checked for errors of 100 or 50 feet, by reading of a stadia distance 
over the line during or after measurement. The temperature will be recorded by 
readings of supplied thermometers, and adjustment for temperature made and recorded. 
Ii will not be necessary to make corrections for differences in temperature smaller 
than fifteen degrees. 
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93. All computations of transit notes relating to triangulations and traverses, 
adjustments of measurements, and calculations to determine latitudes and departures 
of transit station, shall be made in computation books all of which should be carried 
on continuously through the entire work of each party. 

Complete information should be given at the heading of each page of the cal- 
culation books in which triangulation or traverse calculations are made for all field 
work, reference being made to the number of the field book, page, &c. 

It must be so arranged that a simple inspection of field note books, calculation 
books or other such records will show where and what the traverse or other work is 
and its results. 


LEVELLING WORK. 


24. The level work of each section will be done by the same force as the transit 
party. 

25. Permanent connected bench marks must be established throughout each sec- 
tion at intervals not exceeding one mile. 

Each section will assume a convenient datum whose elevation to the standard 
datum of the Great Lakes and River St. Lawrence will afterwards be determined 
when true elevation of the section bench marks can be permanently marked. 

26. Water gauges should be established at the head and foot of each pool and as 
mav be directed by the district engineer, and the zeros of all the gauges, whether used 
to establish sounding datum or for record of water surface will be connected accur- 
ately with the level net of the section. 

27. The elevation of the top of all hubs or monuments set by transit party shall 
be taken. If such points are destroyed or lost the elevation of the ground where the 
Lub was located shall be determined and recorded. 

28. Connection shall be made wherever possible with any bench marks found on 
the railways in the vicinity of the proposed canal line, or any other bench mark used 
on other survey, if any. 

29. The datum for all levels when reduced will be mean tide at Governor’s island, 
N.Y., U.S.A., upon which all charts of the St. Lawrence river, above Montreal and of 
the Great Lakes are based. 

30. All lines for establishing bench marks shall be run with two rodmen, alter- 
nately one forward, one back. 

31. Each rodman shall keep separate notes of rod readings on all turning points 
and bench marks on which he holds and he shall compute their elevation when fur- 
nished by the recorder, with the height of the instrument, &e. 

The recorder shall always read the rod after the rodman, make the necessary ceal- 
culations and compare results with the rodman. If the results differ each person shall 
again read the rod before comparing results, and if the readings of the rod differ, 
another setting of the target shall be made by the instrument man. 

32. Work must not be attempted during high wind. During very hot weather an 
effort should be made to begin work very early and remain out late rather than work 
during midday. During severely cold weather no attempt to run lines for establishing 
bench marks should be made, but secondary work should be carried out. 

33. Foresights and backsights should be of equal length, and no sights over 300 
feet long shall be taken except in the case of crossing rivers or deep ravines. In such 
cases as this precaution must be taken and the average of repeated readings at changed 
positions of rod and instrument shall be used. . 

34, If it is impracticable to take equal foresights and backsights, as soon as the 
steep slope is passed, enough unequal sights shall be taken to make such set balance. 

35. Distances may be taken by stadia, pacing, or any other suitable method accord- 
ing to conditions. 
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36. The instrument must always be levelled carefully before setting the target. 
After. setting it and before giving the signal ‘all right’ the level bubble must be ex- 
amined. One rod No. 1 or No. 2 should always be read first, so that one rod is used 
as foresight first at one set up and as backsight first at the next set up. 

37. The level must be examined daily or oftener, if necessary, for adjustment, the 
especially important adjustments being those for-collimation, and of the level bubble. 

38. Steel pins or points on solid rock, or similar staple points must be used as 
turning points in all cases. If steel pins are used they shall be firmly driven in the 
ground and the backsight pins shall not be removed until the foresight reading is com- 
pleted and the recorder and rodman have compared results on the backsights. 

39. Plumbing levels must always be used on levelling rods and must be kept in 
adjustment. . 

40. Bench marks or turning points left at the termination of the work at night, 
or for other causes as rain, snow, &c., must be selected with great care and located in 
such manner that there will be no danger of their being disturbed or tampered with 
in order that the rod may again be held on the same spot for procedure of the line. 

41. Permanent bench marks must be clearly described not only with reference to 
the nearest base line station, but also to existing and easily identified features of the 
ground. A sketch shall be made showing the location of the bench mark and the re- 
ference marks referred to. ‘ 

42. All circuit closures or checks by duplicate lines shall be distinctly noted and 
« careful reference made to the same check levels. 

43. On duplicate lines of levels, the error closure of the two runnings, or the 
return levels to the starting point must fall within -.05. 

44. The instrument at all times shall be protected from the direct rays of the sun, 
and when set up shall also be protected from high winds, before taking observations. 

45. It is the intention that all elevations taken for the 5-foot contour lines be 
determined with the level by means of close cross-sections, or by the method of setting 
out squares at all places where there is a probability of some construction work being 
done or for all small areas likely to be submerged by the building of dams, &c. For 
all large areas where the 5-foot contour lines are required, the fixing of points and 
their elevations may be determined by stadia work for their future development in 
contour. 


STADIA WORK. 


46. In obtaining topography where building construction of some character is 
bkely to be undertaken, ordinary transit work with chain or tape measurements of 
lines and determination of elevations by the dumpy or Y level will take preference 
cver stadia method. 

47. Where the locality is sufficiently open to permit its use the stadia method will 
be followed to obtain the topography. 

A careful determination of the value of the wire interval of each instrument so 
used will be made by base line readings on standard unit rod and the interval factor 
established when a reduction table for that instrument can be computed for the 
reduction of the field shots or a diagram of critical change compiled :—See Johnson’s 
‘Theory and Practice of Surveying’ chapter VIII. 

A careful skétch shall be made in a separate book if necessary (not necessarily to 
a scale) of the area mapped. Upon this sketch shall be shown the location of the 
shots taken, natural and artificial features, also the shape of the ground by contours. 

48. The recorder, who will record the readings as called out to him by the obser- 
ver, shall note the character of all shots taken, whether a contour (e.p.) a fence corner 
(f.c.), a stream (str.), a ditch, a water edge (w.e.), &e., using such abbreviations for 
these as may be convenient. In the back of each note book an index of the abbrevia- 
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tions used must be recorded; also an index of the notes to be found in the books; this 
index to be filled out after each day’s work. 

49. Each rodman shall keep a record of the number and character of the points 
at which he holds his rod, briefly noting them upon a slip of paper tacked on the back 
of his stadia rod. Each rodman should also be provided with a blank note book in 
which if occasion requires, or he is authorized to do so by the man in charge of the 
party, he can make a plain sketch, joining up the shots taken in any area which he 
may be assigned to work up, and which may be either inaccessible to, or too far re- 
moved from the man doing the sketching to make an intelligent sketch of the same. 

50. At the intervals of each ten or twenty shots the rodman should call out the 
number of the shot to the recorder and the man making the sketches, to prevent any 
confusion in numbers, when the day’s work is finished. The slips of paper used by 
the rodman shall be compared with the recorder’s notes and any omissions in his notes 
supplied; and after which the usefulness of the slips of paper ceases and they can be 
destroyed. ; 

51. All stadia notes must be reduced, checked and kept up to date, for difference 
of level and elevation in order that a constant check may be had on the work, and 
any corrections or omissions necessary supplied while the party is in the neighbour- 
hood of the work. 

59. Stadia circuits of from two to three miles in length must close within a limit 
of five minutes. The error in elevations for this distance should not exceed five-tenths 
of a foot; the error in the length of the circuit should not exceed the limit of one in 
eight hundred. 


SOUNDINGS. 


53. The force used on a sounding party will be made up to suit conditions and 
circumstances, this being left entirely to the judgment of the sectional engineer. 

When soundings are made in winter time, on the ice, the sectional engineer may 
cngage such teams and extra men as he may deem advisable to push the work rapidly. 

When using boats for soundings, especially in difficult places, such extra men as 
are required to man the boats properly and safely may also be engaged temporarily. 


54. Range stakes for soundings will be set in advance of the soundings, either by 
the sounding party itself or by the transit party according to the conditions and the 
instructions of the district engineer. 

. Range stakes shall be designated by the letters R or L according to their location 
on the right or left bank of the stream looking down the stream, and the number of 
the range ‘R 25, ‘L 9 . 


55. Sounding ranges should be located at intervals not exceeding 100 feet, except- 
ing where the rivers or lakes, through which the canal will pass are deeper than 30 
feet at low water, in which case sounding ranges may be located only every 400 or 500 
feet. Soundings should be taken at about 50 feet intervals along each sounding range, 
these instructions to be varied to suit any conditions found, the object being to take 
sufficient soundings to enable the accurate drawing of five foot contours, the same as 
over the area outside of the limits of the stream or river. Where the depth of the 
water does not exceed 10 or 12 feet the sounding rod should be used. When feasible, 
soundings should be taken through the ice, but care should be taken to ascertain that 
{he water may not be held back at some point by some ice or frazil obstruction, obser- 
vation of the ice level being taken quite often. 

56. The character of the material, as far as the same can be determined by the 
men making the soundings, shall be called out to the recorder and recorded in his note 
book; also any outcrops of rock that may be seen, or other information of value noted 
in connection with the future classification of the material. 
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57. Transit line sketches and elevations of the transit points by ‘ Y’ level with the 
locations of these points should be furnished the sounding party, as a basis for their 
work. 

58. Any circuit or secondary traverse lines run for the setting of sounding points 
shall be tied into the main transit line as a check for direction and elevation at from 
one to three-mile intervals. Soundings should always be taken going down stream if 
possible. ; 

59. The elevation and any information bearing on high water marks shall be 
noted as already instructed. The elevation of the water surface of any stream, river 
or lake sounded shall be noted at each range taken and a note made whether surface 
is at low, medium or high stage, and a rough estimate made of the velocity of the 
water. 

60. Gauges shall be established at different suitable points of the rivers or lakes, 
end arrangements made for regular observations during the whole time of the survey. 


BORINGS. 


61. A boring party shall consist of one foreman, three or four labourers, and such 
teams or boats as may be required to transport boring parties and tools. 

62. Borings shall be made at such intervals along the line of the proposed canal 
location as may be necessary to develop the depth and profile of the rock surface, if 
within the limits of possible excavation for canal prism or structures; and also to 
determine the character of the material to be excavated or dredged, in order that, when 
the maps are plotted, a correct estimate may be made of the character of the work 
and the kind of each material proposed to be excavated. 

63. The location of each boring must be made with reference to the station of 
some transit or stadia line, or connected with such existing features on the ground as 
have been already located, in order to accurately locate the boring on the map; also 
the elevation of the surface of the ground or water surface of the river or lake at 
which the boring is made shall be determined. 

64. The man in charge of each party shall see that careful measurements are 
taken at each change of material found in the boring and a sample preserved. 

65. Itis desired to firmly impress upon those in charge of these borings the im- 
portance of the correct determination of the rock surface. This can be generally de- 
termined either by shifting the location of the boring and putting an additional hole, 
or dropping down one or more sticks of powder and firing them with a battery, after 
yaising the casing pipe three or four feet. 

66. A careful record must be kept by the men in charge of each boring party, in 
note books furnished for the purpose, of the character of each kind of material pene- 
trated, the depth of penetration, and a sample preserved of each class of material as 
much as possible. 

67. Boring parties will be under the control of such assistant engineer or other 
employee as the engineer in charge of the section may designate. 

68. Borings will be made by the use of steel rods ‘wash boring outfit,’ earth or 
rock drilling auger or by such other means as the district engineer may decide accord- 
ing to conditions, the method adopted to be approved of by the resident engineer in» 
charge. 


DATA REQUIRED REGARDING PRESENT STRUCTURES. 


Make a location on the standard sheets to a seale of 50 feet to one inch showing: 
in detail all natural and artificial objects adjacent to present structures. For bridges 
show carefully all topography around, and general plan and profile of bridge, with 
dimensions and height of piers, length of spans, &. If detailed plans of these bridges. 
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are available they should be obtained and sent to the office of the engineer in charge 
at Ottawa to be filed. 

70. In the case of the proposed canal line running along an existing canal, all 
details of the locks and sections of that canal should be shown on maps drawn to the 
above-mentioned scale, and complete detailed plans and specifications obtained if pos- 
sible. 

71. All timber Bhides on the river shall be carefully noted with all dimensions, 
also all piers and booms, wharfs, ferries, &c. 

72. Detailed maps showing all water-powers as established, or in process of de- 
velopment shall also be made, and all data possible regarding these water-powers, or 
other available water-powers shall be collected. 


REPORTS. 


73. Each engineer in charge of a party shall make prompt reports at the end of 
each week to the district engineer in charge of his section; which shall state briefly 
the amount of work done, the approximate location of each kind of work in progress; 
stating separately, under the headings of transit and level work to what point the 
work is completed; giving the transit stations as well as the location, the number of 
days at work in the field, the number of miles run, and average run per day. 

74, Under ‘stadia work’ they shall state in what section the party is engaged 
and the approximate amount of work completed; stating also the number of days in 
the field. A small sketch shall accompany the report showing the limits of the area 
mapped. 

75. Under ‘soundings’ shall be stated the number of the transit station to which 
the soundings are completed, and its location, the number of miles of river sounded, 
the number of soundings meee the number of ranges taken, and the number of days 
in the field. 

"6. Under ‘borings’ shall be stated to what transit station the borings are com- 
pleted and its location, the number of days at work, the number of borings made, the 
number of feet penetrated as classified under the several general headings, such as 
‘earth,’ ‘sand,’ ‘clay,’ or ‘gravel,’ &c., and the total of feet penetrated. 

77. In reporting the number of the transit station and its location, reference 
should be made to its distance from some town or village along the work. In addi- 
tion to the above, any information of general interest or importance should be given. 

78. Each engineer in charge of a section shall also make a report to the district 
engineer at the end of each calendar month. In the report a summary shall be made 
under the general headings as stated for the weekly reports, giving briefly the condi- 
tion of the work in progress at that date, any work proposed to be undertaken, and 
any and all information bearing on the work. 

79. Each district engineer shall make a weekly and monthly report to the engi- 
neer in charge at Ottawa; embodying the several reports from his engineers in charge 
of parties, and accompanied by any information of importance or by any suggestions. 

The district engineers will be under the immediate direction of the engineer in 
charge at Ottawa, and all official communications from the district engineers shall be 
addressed to him. 

80. Each district engineer, in the report submitted by him, shall state the date 
and location at which the several parties began work, the names of the employees, and 
the day upon which they reported for work. He should keep notes during the pro- 
eress of the work, with the view to being called upon to submit a general report there- 
on, and also to its publication as part of the report of the engineer in charge. 

81. Engineers in charge of parties and assistant engineers shall make such special 
reports as may be directed by their superiors. 


410 DEPARTMENT OF PUBLIC WORKS 
8-9 EDWARD VII., A. 1909: 


EXPENDITURE AND ACCOUNTS. 


82. Each engineer in charge of a party will certify bills for all necessary expen 
ture incurred in connection with his work, and will write above his signature the cer 
tificate: ‘certified correct, goods received, prices fair and just,’ or ‘work performed,’ 
as the case may be. Engineers must be very careful to purchase supplies at the lowest 
market prices obtainable. 

83. For all necessary travelling or living expenses incurred in connection with 
ihe work as authorized by the district engineers or engineer in charge, the certificate 
will be: ‘expenses incurred on government business,’ to be signed by the party mak- 
ing the expenditure, to which will be added the certificate of the engineer in charge 
of party ‘ certified correct, charges fair and just.’ 

84. Regular pay-list forms will be supplied each party on which at the end of 
each calendar month will be entered the names of the engineering staff and all 
labourers employed on the party, with their rate of pay and number of days employed; 
the sheet to be certified to by the engineer in charge of party: ‘ certified correct, wages 
authorized.’ To this pay sheet will be attached the bills duly certified for expendi- 
ture incurred during the month, a list of these bills being made on the return of 
account sheet, and a summary filled in as per direction on the blank forms to be sup- 
plied. 

85. All pay-sheets and accounts will be sent to the district engineers who will 
examine them, and mark them ‘ approved’ above their signature, if correct, to be for- 
warded then for payment to the engineer in charge at Ottawa. 

Should the services of any employee terminate before the end of the month, an 
approved voucher accompanied by letter of explanation and sent to the engineer in 
charge at Ottawa will be paid. 

86. Receipts for any expenditure by assistant engineers or other employees (ex- 
cept railroad fares or the like) exceeding five dollars must be procured whenever pos- 
sible, and accompany each expense account. ; 

Hotel bills must show each party’s name, the dates and rate per day. 

87. Employees will be expected to pay all personal indebtedness before leaving 
any locality. 

‘88. All printed forms and books used in the work, as well as all stationery, in- 
struments, &c., will be supplied from the head office at Ottawa on requisition from 
the engineer in charge of party and approved by the district engineer. 


OFFICE WORK IN DISTRICT ENGINEERS’ OFFICES. 


89. The office of each district engineer will be located as may be decided upon 
by the engineer in charge. 

90. The notes and maps as sent in to him by the sectional engineers will be 
replotted in his office, transferred on continuous mounted paper, so as to form a 
continuous working plan with corresponding continuous profile of the river. 

The above rule as to the plans to be made during field work will be subject to 
further directions, in accordance with Suggestions to be made by the district engi- 
neers, as soon as work has been started. 

91. On each map or section of continuous plans, shall be written in pencil, the 
number of the sheet, the scale upon which the work is plotted (400 feet to one inch 
except for details when otherwise ordered) ; the district whether ‘ Nipissing,’ ‘ Ottawa’ 
or ‘ Montreal,’ the bases or co-ordinates used and reference shown by file number, 
to the note books, whether transit, level, stadia, sounding or boring books, in which 
the notes are to be found from which the sheet js p'otted. A true north line shall be 
drawn on each map sheet, or at every two miles on continuous plan. 
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92. In plotting points on the plans or map sheets, the decimal psint will repre- 
sent the exact location. When it.is not practicable to do this a small cross shall 
be made, as designating the location, and the elevation written near it. 

93. Consecutive location sheets shall have the topography carried to the upper, 
lower or right edge of the sheet so that a junction may be made with the following 
sheets. 


GENERAL. 


94. All men employed on the survey will be expected to be courteous in their 
treatment of each other and the general public. - 

Intemperate habits will be deemed sufficient cause for the prompt dismissal of 
any employee. 

95 All cases of insubordination shall be promptly reported to the chief engineer. 

96. In case of any employee being found incompetent to do his work properly, 
it will be the duty of the sectional engineers and district engineers to report the case 
at once for the action of the chief engineer. 

97. In making surveys care must be taken to do as little injury as possible to 
private property. 

98. Employees must promptly carry out the instructiong received, and in case 
such instructions are not thoroughly understood, the person receiving them should 
ask his immediate superior to explain them, to the end that the desired results may 
be secured. 

99. Employees must not deviate from instructions received. 

100. The specified degree of accuracy should be obtained with the least expendi- 
ture of time and money compatible therewith. 


DEPARTMENT OF PuBLIc WorRKs, 
Ortawa, ONT. 
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APPENDIX B. 
TEST BORINGS. 


General information as to materials encountered at all the points investigated, as com- 
piled by Mr. H. M. Davy, engineer in charge of test borings. 


Test borings were made and locations investigated over the proposed line of the 
Georgian Bay ship canal between Bout de L’Ile and Lake Nipissing. 


METHODS. 


Three methods were used to make test borings :— 
1st.—“Pierce” well boring machines. 
2nd.—Test pits. 

~  8rd.—Hollow pointed rods. 


ist—Where possible the borings were made with a boring machine and if an 
occasional boulder or compacted material was encountered, dynamite was used to 
force it aside or break it up. 


2nd.—Where considerable boulder material or very coarse gravel was in evidence, 
it was necessary to dig test pits, as the boring machines could not be used economi- 
cally in this material. 


3rd.—In soft material under water, or in swamps, hollow rods, pointed at one end, 
were sometimes used to locate rock or hard material. 


DIFFICULTIES. 


Difficulty was experienced in many localities where boulder drift material, or 
coarse gravel was encountered under water or in low places, when test pits could hardly 
be dug and kept dry, owing to seepage water. 

The borings were made along the then proposed centre line of canal, lock sites, 
dam sites and embankments in water. 


LOCATION. 


The location of each boring was made with reference to the station of some tran- 
sit line, and where lines had not been run, they were connected with prominent features 
which were afterwards tied into the survey, to enable the accurate placing of the borings 
on the plans. The elevation of the ground or water surface where boring was made 
was also determined. 


IMPROVEMENTS DUE TO BORINGS. 


In many localities, the line of canal and sites for locks and dams were improved 
upon after borings had been made, which showed unsatisfactory foundations or heavy 
excavation. ; 

BORINGS. 


On first examining a locality, borings were made about 400 feet apart, and if 
they disclosed great irregularity of the material penetrated, then intermediate holes 
were made, but if the material was regular, they were spaced farther apart. 


Vd 
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Where structures were contemplated, holes were put down closer together, the pur- 
pose being to locate solid rock surface. 

Borings were carried to below the proposed grade of the 22-foot channel or to bed 
rock, if it was encountered above grade. 


DEPTHS. 


For lock sites, the excavation extended to bed rock when possible, and for dams 
and embankments to bed rock or hard bottom. No diamond drill was used. so bed 
rock was not penetrated. 


SAMPLES. 


Samples of the different classes of material penetrated at each boring were taken 
and kept in properly labelled 4-ounce bottles. 


~BORINGS ON PLANS. 


Nearly all the borings (85 per cent) that were taken are. located on the general 
plans and are designated by a red circle enclosing the number. 

Vertical sections, scale 10 feet to 1 inch, are also shown in groups upon the plans 
and each is numbered to correspond with the number in the red circle. 


MACHINE. 


The boring machine employed is shown in fig. No. 1. The apparatus used in 

making deep test pits is shown in figures Nos. 2 and 3. 
- The total number of borings made over the entire route was 2,990 with a total 

depth of 27,000 feet making an average depth of say 10 feet. 

The total number of borings and vertical sections shown on general plans is 2,584. 

In the locality around Montreal island, 349 borings were made at different times 
between June 23, 1905 and July, 1907. 186 borings were made on the Lake St. Louis 
route between Bout de I‘Ile and above Ste. Anne. 163 were taken over the Back river 
route between Bout de l’Ile and Ile Bizard. 


t BOUT DE 1ILP REACH. 


Mileage starts at junction with St. Lawrence Ship Channel. 

At Bout de l’Ile, mile 3, a boring was made to a depth of 110 feet, rock being 
located 87-5 below sea level, (elevation 87-5) the material penetrated was a mixture 
of sand and clay. This material blue clay and sand, probably extends from the ship 
channel up the Back river to Des Prairies, miles 0 to 8. Boulders and gravel are in 
evidence on the surface of Ile Bourdon and also in the river bottom, but they seem to lie 
upon the clay, because all the piers of the Great Northern railway bridge are founded 
on piles. ; 

A trial line across the foot of Montreal island was examined, 29 borings being 
made averaging 30 to 40 feet deep each. The material was sand and clay through- 
out. Three borings were made at the St. Lawrence end of this line to test for a lock 
site. They developed rock surface about 50 feet below surface, say, eley.-18 
below sea level. 

At the upper end of Ile Ste. Thérése, a boring 75 feet deep failed to locate hard 
material. 

Two dam sites were investigated at the head and foot of Ile Macheau and seven 
borings made showed sand and clay to a considerable depth, 60 feet on rock 
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At the chosen lock site rock appears at ground surface and the small mill race 
nearby shows limestone bed rock plainly. The river~bottom above and below the sock 
is solid rock. Both shores indicate an eruption through the Trenton. 

There is no further excavation except at the head of this reach in the vicinity of - 
Visitation island. The river bottom is an evenly stepped limestone rock, over which 
the water falls in a succession of small cascades. Bed rock is visible all along the 
shore of Visitation island, being as high as elev. 50 at the head. 


RECOLLET REACH. 
(March and April, 1907.) 


Three test pits were made to determine rock for the Récollet lock foundation, 
and the limestone forming the bed of the river below was again found at about 
elev. 40. 

Above this lock is a thorough cut canal extending to Oka lake. Over the first 
four miles (mile 17 to 214) up to Cartierville, 47 test pits were made showing boulders. 
sand and gravel to below grade, but no rock, although hardpan was encountered at 
the upper end. 

From Cartierville to the head of Back river (miles 20 to 30), that is, the foot of 
Oka lake, the canal line cuts through a series of points along the North shore, and 
through the bays between these points, there are six embankments which form the 
outer side of the canal. In all, 78 borings and test pits were made, showing the 
material through the points to be boulders, sand and hardpan to below grade, except 
at mile 263 where for 1,000 feet the rock is 15 feet above canal bottom elev. 68, and 
along the north of Bigras island, where it is 18 feet above grade (eley. 71). 

Through the bays it is important to know the foundation upon which the canal 
embankment will rest. Fortunately, it proves from the following detail of borings 
to be compact sand and clay. 


BACK RIVER—EMBANKMENTS IN RIVER. 


No. 1—The foundation of embankment between mile 21 and mile 22, shows 30 
feet sand and clay on bed rock elev. 30-7. 

No. 2.—Between mile 22 and mile 224 shows about five feet of sand ae clay on 
rock, about elev. 49-0. 

No. 3.—Between mile 234 and mile 243 shows sand and clay on boulders and hard- 
pan. 

No. 4—Between mile 243 and mile 253 shows bed of river, boulders, sand and 
elay. 

No. me Between. mile 26 and mile 263 shows solid rock on the bed of the river. 

No. 6.—At mile 27 shows sand, clay and gravel for about seven feet on top of 
bed rock. A small island 300 feet below Bigras island is solid rock, so that the oe 
dation for the regulation sluices at that point is assured. 

On both sides of the Lallemand rapids, mile 28 to 29, some 98 test pits and exam- 
inations of the river banks were made during May, 1906. Bed rock was disclosed 
considerably above water surface up to the head and the river seems to have cut its 
bed into the Trenton limestone, which is now three feet to eight feet above grade, 
elev. 56 to 61. 

At the head of the rapids, mile 282 to 292 the rock dips rapidly below grade, and 
is overlaid with clay. 

During March, 1906, borings were made through the ice on Oka lake from 
Lallemand rapid westward. At mile 30, rock was encountered about eight feet above 
grade, elev. 61, for a distance of 2,200 feet along the north of Ile Bizard. 
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Beyond this to near Oka village, where the back and front lines join, miles 30 to 
37, the borings show clay to below grade, except at mile 36 where rock rises about four 
feet above grade, elev. 57, for 1,000 feet. 

Several lines were tried, through the Back river before a canal along the north 
shore was determined upon in 1907 and during 1906 two lock sites were — 
one on the south and one on the north side of the river. 

South of the White Horse rapid, mile 25, two test pits were made ace sand 
and clay on boulders at elev. 53. 

On the north side above Paton island, mile 23, borings showed sand, clay and 
sand down 46 to bed rock, elev. 21. 

Both these trial lines led through the centre of Bigras island and in 1906 (July), 
eight test pits through boulders, clay and cemented material, determined rock surface 
from elev. 56 to 72. . 


MONTREAL REACH—-HARBOUR TO MILE 5. 


Ten borings were made during March, 1907, between Montreal lock and Verdun 
lock, which show cla, gravel and boulders on bed rock, which, however, is entirely 
below the required bottom of channel. 

At Montreal lock site, the rock is to be seen at about elev. 20 and it continues 
flat up to the Grand Trunk bridge, always below grade. In Montreal harbour, just 
below the lock, there is a shale rock dredging. 

In 1905,borings were made along the north shore of Nun island, 10 in all, show- 
ing rock about elev. 30, and overlaid with sand and clay. Sixteen borings were also 
taken in front of St. Gabriel and Verdun along the outside toe of the dyke showing 
sand and clay on shale rock, the surface of which varies from elev. 25 to 380. 

The same year, a trial line along the west of Verdun village through Cote St. 
‘Paul to the Lachine canal, was bored. Seventeen borings showed the rock to rise 
from elev. 30 at the river edge to elev. 40 near the aqueduct, and up to elev. 72, near 
the Lachine canal. The proposed bottom was elev. 44. 


LAKE ST. LOUIS REACH. 


In January, 1907, an examination by test pits and borings along centre line, and ob- 
servations along the shore at Verdun lock site, indicated that the rock rose sharply 
from water edge, elevation 35 to elevation 55, all along the shore. The tail-race of the 
power-house was excavated in limestone. ; 

Through the Verdun cut, miles 54 to 8, 21 borings were made showing boulders, 
hardpan, and sand and clay to below grade, except between mile 6 and mile 7, where 
slate rock crops up above grade for about 4,000 feet in length, the highest part being 
elevation 60. 

Between the head of the aqueduct, mile 8, and Lachine locks, mile 103, 23 bor- 
ings were made in the bed of river, along the foot of the high bank Lachine, which 
show gravel and boulders on bed rock. These borings were made from the edge of 
the ice. The strong current broke away the ice below Lachine bridge, however, 
causing a gap about a mile in the borings. Rock at elevation 60 is to be seen at the 
Lachine bridge. Beneath the water, rock could not be located when covered pee 
boulders and gravel. 

Between mile 10% and mile 114, information received shows solid rock in bed of 
river (Lachine canal entrance). 

Between mile 114 to mile 15, Lachine to Dorval, no borings were made on ac-- 
count of the strong current and lack of ice. 

Between mile 15 and mile 16, ten borings show gravel and boulders on grade. 

Between mile 16 and mile 20, 28 borings were made which show clay and sand 
to below grade. 
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Between mile 20 and mile 22 is deep water. 

Between mile 22 and mile 23, seven borings show clay, gravel and boulders to 
grade. 

Between mile 233 to foot of Ste. Anne rapids, mile 24%, 27 borings were made 
showing gravel and boulders on bed rock (Potsdam and sandstone) about 15 feet 
above grade for a distance of about 4,000 feet. 

A trial line was examined } mile north of that adopted between mile 23 and Ste. 
Anne; 9 borings were made from a scow, which show sand, gravel and boulders on rock. 


OKA REACH, MILES 25-40. 


The old outside lock Ste. Anne will be the site for the one proposed, and from 
information kindly furnished by Mr. Marceau, superintending engineer, Quebec 
canals, the rock surface was found to be about elevation 64. 

Above the rock, mile 25 and mile 26, 17 borings were made in March, 1907, 
which show 2 to 4 feet of boulders and gravel on hard material, probably rock. 

Between mile 26 and mile 30, 4 borings were made showing sand and clay to 
below grade. 

Between mile-30 and mile 38, there being deep water, no borings were taken. 

Between mile 38 and mile 414, two routes were investigated, and 63 borings made, 
20 via the route north of Hay island, and 48 via the route south of Hay island, all 
borings showing sand and clay to beluw grade. 

Between mile 414 to near mile 49 is deep water and no borings were taken. But 
just at mile 49, there is 4 to 9 feet excavation for 1,000 feet in length, which, judging 
from the surroundings, may be classed as boulders and clay, probably piled up by ice 
action. 


POINTE FORTUNE REACH. 


At Pointe Fortune, between miles 49 and 52, 85 test pits and borings were made 
in July, 1906, for lock site, canal and dam site. 

At the approach to the lock, 12 borings show boulders, gravel, clay and sand, on 
bed rock, a few feet above grade. 

For lock site, 6 borings, some 40 feet deep, show clay on bed rock, 22 to 35 feet 
above grade, elevation 75 to 88. 

On canal line from head of lock, mile 49} to mile 50, 17 borings show muck, sand, 
clay and boulders to below grade; from mile 50 to mile 503, 7 borings show muck, 
sand and clay to below grade from mile 50 to mile 514, 36 borings show muck, sand 
and clay on shale rock, elevation 108, about 15 feet above grade; the balance of the 
line to deep water shows sand and clay to below grade. 

For the dam site at Dewar island, the investigation and borings showed shale 
rock in bed of river, and a few feet below surface on south shore and Dewar island; 
on the north shore, borings show rock 6 to 8 feet below surface. 

Between mile 52 and mile 58, there being deep water, no borings were taken. 


OTTAWA REACH. 


On the Ottawa reach from the foot of the Grenville or Long Sault rapids, mile 
59 to mile 119, 232 borings and test pits were made. 

At the Long Sault rapids, the adopted route is on the south side of the river, 30 
borings and test pits were made here during August, 1906. At the lower entrance 
of the approach to the Hawkesbury lock, the investigation showed a chazy shale rock 
in the bed of the river about 10 feet above grade. 

At the lock site, chazy shale rock is in evidence at surface, about 20 feet above 
grade. 
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From the head of the lock site to the Hawkesbury Lumber Co.’s piling grounds, 
mile 613, the test pits showed about 5 feet of boulders and loam on chazy shale rock 
5 to 15 feet above grade. 

From mile 614 to mile 62 in the mill pond, the investigation showed boulders 
and gravel presumably on rock 4 to 14 feet above grade. 

From mile 62 to deep water mile 64, the borings showed sand to below grade. 

Two alternative lines were investigated during August, 1906 on the north side of 
the river, leading up to the village of Grenville. 

The first line entered the north shore opposite mile 60 and followed generally the 
course of the Grenville canal, for about two miles, entering the river again at the 

head of the rapids, and joining the channel of the chosen route at mile 64; 37 borings 
were made. . 

At the lower approach to the lock, the investigation showed a chazy shale 5 to 10 

feet above grade, and at the proposed lock site, from 10 to 15 feet above grade. From 
the head of the lock to the Great Northern railway bridge, the test pits showed about 
4 feet of boulders, gravel and loam on solid rock 5 to 20 feet above grade. 

Above the Great Northern railway bridge to the proposed upper entrance, the test 
pits showed rock surface about 20 feet above grade, elevation 133, and covered with 
excavation from the old canal. “ 

From the upper entrance, for about 1,200 feet in length, the bed of river shows 
boulders and gravel on rock about 4 feet above grade, elevation 117 ; about 14 miles 
further up, the borings showed sand and fine gravel to below grade. 

The second alternative route, which leaves the river opposite mile 594, follows along 
the north side of the Grenville canal for about 2 miles, then through a depression 
back of the town of Grenville and into the Ottawa river at Kingsey bay. 

Passing around the north end of a sandy shoal, it connects with the chosen channel, 
about mile 65; 47 borings were made. 

At the approach to the proposed lock, investigation showed a chazy shale rock in 
the head of the river, which is 3 to 6 feet above grade, elevation 96 to 99. 

At the proposed lock site, chazy shale rock is in evidence 10 to 15 feet above 
grade, elevation 103 to 108. | 

From the head of the lock for a distance of 14 miles, the test pits show about 5 feet — 
of boulders, gravel and sand on chazy shale rock 10 to 20 feet above grade, elevation 
123 to 133, and for the next 4 mile, 30 feet above grade, elevation 143. Through the 
swamp back of the village, the borings show about 6 feet of muck, sand and clay ou 
boulders and gravel, 30 feet above grade. Further work in these test pits. was pre- 
vented by leakage from the swamp; but the boulder formation evidently overlies solid 
rock, which was encountered at the surface near the railway. . 

At the upper entrance, the borings show sand and clay to below grade,-and from 
here to deep water, sand and fine gravel to below grade. ay 


DAM. 


A dam site at mile 62 above the rapids, was investigated, and 5 test pits made 
on the islands showed solid rock at elevation 126. In the bed of the river, boulders 
are in evidence, presumably on rock, and along the north shore are ledges of rock 
which extend into the rapids. 

During March, 1906, 118 borings were made through the ice between Ottawa and 
Grenville. From mile 64 to mile 91, there being deep water, no borings were taken. 
Below Thurso, mile 924 to mile 933, 9 borings were made which showed sand below 
grade. . ' 
= An alternative line at mile 91, north of Horse Shoe island, was investigated and 
9 borings made which showed sand to below grade. 

From mile 933 to mile 1064, there being deep water, no borings were taken. 
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Near Angers village, between miles 1063 and 1074, 10 borings were made which 
showed sand to below grade, and between mile 109 and 1104, 21 borings also showed 
sand to below grade. 

Above and below East Templeton, mile 113 to mile 118, 70 borings were made 
which indicated sand to below grade, except 4 borings opposite the lighthouse, which 
showed boulders and gravel on solid calciferous rock at grade, eley. 117. 

From mile 118 to mile 120, there being deep water, no borings were taken. 


HULL REACH. 


At mile 120, the line leaves the Ottawa river to go behind the city of Hull. At the 
approach to lock No. 1, 21 borings were made during April, 1906, mostly in the bed 
of the creek. These borings showed 8 and 10 feet of sawdust, sand and gravel on lime- 
stone rock about 7 feet above grade, elev. 125. 
| At the proposed site of lock No. 1, the test pits and borings showed 6 to 20 feet 
of sand, boulders and gravel on rock 15 to 35 feet above grade. In the east end of 
reach, between locks 1 and 2, investigation showed 6 to 8 feet of gravel on rock, elev. 
150, and in the west end, rock at surface. 


AYLMER REACH. _ 


At the proposed Hull lock No. 2, the investigation showed rock about 2 feet below 
surface, elev. 185 to 190. 

From the head of the lock for a distance of 1,500 feet, rock is in evidence at sur- 
face, and for the next 1,600 feet, rock is covered with varying depths of boulders and 
gravel; a cutting at the crossing point of the Hull Electric railway shows a depth of 
10 feet. : 

On the bank of the river solid rock is seen at surface about elevation 185. 

The south side of the river from Rideau falls to the Chaudiere is a limestone 
cliff. 

The investigation of the proposed dam site above the Canadian Pacific railway 
bridge showed solid rock on both shores of the river, in the river and on the several 
small islands which the dam crosses. . 

From mile 122% to mile 1264 there will be no excavation. 

At Deschenes, mile 1263, the investigation showed about 2,800 feet of rock from 
4 to 16 feet above grade in the bed of the river. 

During March, 1906, 7 borings were made through the ice at mile 147 showing 
sand to below grade, and 7 borings at mile 149 showed sand and clay to below grade. 

At Pontiac bay, two lines were investigated. Over the northerly one 113 borings 
were made during December, 1905, which showed clay on rock above grade in the bed 
of the bay, and limestone rock at surface above water. 

Over the chosen line, 9 borings were made during October, 1907, showing sand to 
below grade under water, except at Hudson’s Point where rock is encountered 2 to 7 
feet above grade, elevation 175 to 180 for about 1,000 feet in length; the materials 
above water are limestone and gneiss rock at surface. 


ARNPRIOR REACH. 


At the proposed Chats lock site, gneiss rock is visible at surface. 

Above the lock all the dry excavation will be gneiss rock. 

In the beds of the several bays crossed, a considerable deposit of sand and clay is 
encountered. 

Between miles 156 and 157, considerable wet excavation is required, the investiga- 
tion here showed a crystalline limestone, 2 to 15 feet above grade. 

During October 1907, a dam site was investigated at about mile 1564 and borings 
made; on both sides of the river, limestone rock is visible at surface; near the south 
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shore on the two small islands, the borings showed 2 to 12 feet of sand on rock, at 
elevation 223 to 234. In Black bay, a boring showed 12 feet of sand and clay on rock, 
elevation 211. 

Between mile 158 and mile 162, there are a few small humps of boulders, gravel 
and clay above grade. 

Opposite Castleford between mile 168 and 169, 3 borings were made through the 
ice on the chosen line showing clay to below grade. About 2,000 feet south of this line, 
4 borings were made which showed rock 2 to 6 feet above grade and consequently the 
line was moved to the north, 

From mile 169 to mile 174 owing to deep water no borings were taken. 

At the approach to the Chenaux lock, the investigation showed gneiss rock at sur- 
face. 

PORTAGE DU FORT REACH. 


At the Chenaux rapids, an investigation was made in October, 1907, for a dam 
- and lock site. At the proposed lock site on the Chenaux islands, gneiss rock is in 
evidence, the surface being very rough, but averaging elevation 275. 

Over the proposed line of dam, rock shows up at surface on six of the small 
islands, which the dam crosses. On Elliott island, the rock is covered with from 2 to 
6 feet of sand and clay. In the bed of the north channel there is a considerable deposit 
of sand and clay, and the shore of the river for 1,000 feet back, is covered with 2 
to 4 feet of earth. The Ontario shore is practically a rock cliff. 

From the head of the lock to Portage du Fort, mile 1783; owing ty deep water, 
no borings were taken. 

A trial line was investigated and 28 borings were made through a depression in 
rear of the village of Portage du Fort. 

At the lower end for 1,000 feet in length, borings showed sand and clay on rock 
7 to 27 feet below grade, elevation 251 to 231. Through the balance of the line the 
borings showed muck, sand and gravel on rock from grade to 30 feet above. All the 
rock in this vicinity is a crystalline limestone. 

From Portage du Fort, mile 179, to the foot of Rocher Fendu lake, mile 184, 
there will be slight excavation off the tops of the several small islands and points ; 
no borings were taken, but gneiss rock is in evidence with pockets of earth and 
boulders. 

Between mile 1803 to mile 182, a trial line was investigated in November, 1905, 
through the Lallemand sny, on the south shore, and 32 borings made, which showed 
sand and clay on gneiss rock 15 feet above to 25 feet below grade line. 

In Rocher Fendu lake, no borings were necessary; the small islands up to lock 
No. 1, mile 1874 are of gneiss rock. 


ROCHER FENDU REACH. 


At the proposed Rocher Fendu lock No. 1, rock is visible, the river banks on 


each side being rock cliffs. 
From the head of lock No. 1 to the foot of lock No. 2, the excavation to come 


off the tops of the small islands and points will be rock. 


COULONGE REACH. 


At Rocher Fendu lock No. 2, the rock is to be seen at surface. 
From the head of lock No. 2 to mile 193, limestone and gneiss rock are exposed 


on the surface of the islands and points. 

Between mile 193 and 1942, 12 borings were made in August, 1906, which showed 
gneiss rock at surface, and also in the bed of the river. 

From mile 1943 to 197, however, 12 borings showed sand to below grade. 
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Opposite La Passe, mile 198 to 199%, 5 borings were made showing sand and clay 
gravel, but the bed of the river is below grade. 

From mile 1992 to 201, 20 borings made during March, 1906, showed boulders 
and gravel to below grade. 

A route was tried through a channel south of a small island between miles 200 
and 201, and six borings made, which showed boulders and gravel to grade, except 
on gouth shore where rock is visible at surface, elevation 347. 

Two routes were examined at the east end of Coulonge lake during March, 1906. 
The first line passes close to the mouth of Coulonge river and swings outside the 
islands, following the north channel to Pointe Séche. Twenty-two borings were 
made and two test pits dug on a small island. Nineteen borings, east and west of 
this island showed sand to,below grade, but the group around the island disclosed 
boulders and gravel on limestone rock 5 to 8 feet above grade, elevation 333 to 336. 

The second line of borings was taken 700 feet south and almost parallel to the 
first. ‘Twenty-three borings and test pits indicated mud and sand to below grade, 
except over the small island north of Correll island, where boulders were encountered. 

The channel was selected half a mile south of these trial lines, however, and 7 
borings were made along it in August, 1906, from mile 2014 to 2024. These showed 
sandy clay and gravel with boulders to below grade. 

From mile 202% to 2054 in Coulonge lake, owing to deep water, no borings were 
taken. 

Between mile 2054 and 2072, 23 borings were taken in February, 1906, all of 
which showed sand and clay to below grade. 

From mile 2074 to 209 is deep water. 

Between mile 209 and 212, borings and test pits were made in wNaseies 1907, 
for the canal, lock site and RE site. At the approach to the lock, the borings 
showed sand and gravel on limestone rock, elevation 336 to 348. 


CALUMET ROUTE (ALTERNATIVE). 


Eighty-two borings and test pits were made over the alternative rout2 through 
the Calumet branch of the river via Bryson and Campbell’s bay to Coulonge. 

Leaving the Rocher Fendu route at mile 183, a quarter bend to the right leads 
to Mountain lock, a mile distant. 

Excavation is necessary along the edge of Hay island and at Sable rapids, but 
only to a depth of 2 to 10 feet in sand and clay. 

Just below the lock, the entrance requires excavation some 20 feet deep, which, 
however, appears to be all earth. 

Two lines of borings were made, November, 1905, and finally the lock was placed 
about midway between them. 

The 21 borings taken indicate an area of rock at about elevation 285 which is 
overlaid with clay, sand and gravel. 

Above the lock, the entrance channel will be in een and clay to grade. 

For the dam site at Mountain chute, the investigation shows limestone rock at 
surface on both shores and in the river bed. 

At Dargis rapid, mile 1854, there is 2 to 7 feet of sand and boulders above grade 
for about 1,000 feet in length. 

At the Calumet falls, one mile below Bean village, two lines were investigated 
for lock and canal, during October 1905. 

Via the selected route, 7 borings were made. 

At the approach below the lock, mile 187, the investigation showed about 1 foot 
of sand on limestone rock 10 to 20 feet above grade, elevation 303 to 313. 

At the proposed lock site, the investigation showed limestone rock at surface. 

Above the lock:for a distance of 1,700 feet, rock shows at surface. 
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On the Bryson side, the point just below the village, showed sand and clay to below 
grade. The dam site, however, is on solid rock of which the river bottom is com- 
posed. 


TRIAL LINE. 


Another route was investigated and 15 borings made through the gully, west of 
the Calumet falls. 

At the lower end, the investigation showed sand and boulders on rock, about 15 
to 85 feet above grade, elevation 308 to 328, and for 4,000 feet further up, borings 
showed sand and clay on rock 5 to 85 feet above grade, elevation 333 to 413. 

For the next 1,000 feet, the borings showed sand and clay to below grade. At the 
head of Worrell bay, mile 188 ,two borings showed sand on rock, 35 feet above grade. 

From above the Bryson bridge, mile 188} to mile 200, following the river, the 
soundings show 2 to 6 feet of excavation. No borings were made, but investigation 
along the shore indicates sand to below grade. 

At mile 200, a boring showed 36 feet of sand and clay to 11 feet below grade. 

At mile 201, the line leaves the river, passes Grand Marais lake and across the 
peninsula to Fort Coulonge, mile 203; nine borings were taken October 1905, all of 
which showed about 50 feet of fine sand and clay to below grade. 

One boring, 110 feet deep, was made in the village, through 80 feet of fine sand, 
72 feet of clay and 8 feet of gravel, but without reaching rock as far down as eleva- 
tion 253. A test boring was made at the water edge, mile 203, and showed fine sand 
and clay to a depth of 46 feet, elevation 316. This indicates that soft material ex- 
tends out past Frost island. 

From mile 203 to 2043, no borings were made, but the surroundings indicate sand 
and clay to below grade at least. 

Opposite La Passe, 7 borings were made across the point; these showed sand to 
below grade. 

Another line was investigated in September 1905, leaving the Calumet river at 
mile 201. It passes through Grand Marais lake and across the several bends of the 
Coulonge river, and enters the lake just below Pointe Séche; nine borings were made, 
all of which showed sand and clay to below grade. 


PEMBROKE REACH. 


At the Paquette lock, the investigation in November 1907, showed about 15 feet 
of boulders, gravel and sand, on a roof of limestone rock, elevation 350 to 354 over 
an underground water channel, above and below the lock site; about 1,200 feet above 
the head of the lock, limestone rock ig visible at surface. 

From mile 210 to 212, about 10 small islands and part of the main shore were in- 
vestigated; the islands at mile 210 show rock at surface, elevation 351. At Fitz- 
patrick island and the two small islands above it, the borings showed boulders and 
gravel to grade. At Marcotte island and the two small islands below it, rock is in 
evidence at the suface. On the main land, just below O’Brien’s bay, investigation 
showed boulders, gravel and sand on rock above grade. 

- The three small islands at mile 212 showed sand, gravel and boulders to below 
grade. 

A proposed site for the dam was investigated in November 1907 at about mile 
2093, starting at the lock site and extending in a straight line across the lower end 
of Fitzpatrick and Reid’s islands, and 1,200 feet on Allumette island. The borings 
made over the 800 feet from the lock to the water edge, showed boulders, gravel and 
sand on limestone rock at elevation 348 to 354, but beneath this elevation is an under- 
ground channel. 

On Fitzpatrick island, the elevation of the rock is 350 feet, and also on Reid’s 
island. 
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On the shore of Allumette island, rock is seen at elevation 350, but inland to the 
desired contour line, a distance of 1,200 feet, borings show boulders, sand and clay, to 
a depth of 16 feet at the extreme end. 

Another route from Coulonge lake via Hennessey bay was investigated in 
February 1906, and again in September of the same year, in order to avoid the ques- 
tionable foundation at Paquette due to caverns in the rock. Branching into Hen- 
nessey bay from mile 2044 to mile 207 and crossing the Westmeath peninsula to 
O’Brien’s bay, mile 209, it connects with the Pembroke route 1,500 feet further on, 
mile 212. 

In Hennessey bay, 15 borings taken during February 1906, showed clay to below 
erade and, although the line has since been moved about 700 feet north of these borings, 
the material there would evidently be the same. 

At the approach to the lock, the borings and test pits indicated boulders and clay 
on limestone rock, from 14 to 17 feet above grade, elevation 342 to 345. 

At the proposed lock site, the borings showed 8 to 14 feet of muck, sand and clay 
on rock 26 to 82 feet above grade, elevation 354 to 360. 

Above the lock, for a distance of about 2,600 feet, the borings pointed to from 
1 to 15 feet of sand and clay, and boulders and gravel on rock, which was 6 to 33 feet. 
above grade. Over the next 3,000 feet, the material consisted of muck, gravel and 
boulders to 14 feet above grade, elevation 362. Owing to water, the boulders and gravel 
could not be penetrated, so rock was not located. 

At the road crossing near O’Brien’s bay, limestone rock is visible at surface 
elevation 370; but the balance of the excavation as far as deep water, will be sand, 
boulders and gravel down to grade. 

The proposed dam for this route will close the East or Timber channel, just below 
O’Brien’s bay and the Dog channel west of Marcotte island, about half a mile below 
its head: At both these dam sites, rock forms the sides and bottom of the river. 

Resuming the route to Pembroke, from mile 212 to 222 no borings were taken, 
the water being amply deep, except between mile 215 and 216 in Lower Allumette 
lake, where about 2 feet of excavation, for about 1,000 feet in length is required, 
evidently sand from the appearance of the shores. | 

From the foot of Allumette rapids to the head, both shores and the bed of the 
rapids consist of chazy shale rock. It rises from 2 feet above grade in the middle 
of the rapids at the foot to 12 feet above grade at the head a distance of 7,500 feet. 

At the foot of Morrison’s island through which the extra channel for the increased 
flow is located rock is seen at surface, elevation 360 to 370 for 1,800 feet in length. 

An investigation was also made on Beckett’s and Moffatt’s islands as to excavation 
for increased flow of water the borings showed about 2 feet of loam and boulders on 
chazy shale rock, elevation 368. 

At the head of Morrison’s island, mile 223 to 224, 16 borings were made in the 
river showing clay and gravel to below grade. 

During February, 1906, 13 borings were made through the ice opposite Pembroke, 
between mile 226 and 227; all but two of these show the surface of the hole to be below 
the adopted grade, and the materials penetrated to the boulders, gravel and sand to 
below grade in the other two borings. ; 

Between mile 230 and 232, near Leblanc island, 35 borings were made during 
February and September, 1906, showing boulders, gravel and sand to below grade. 

For the route via Pembroke, a dam would be necessary across the Culbute chan- 
nel, and the site investigated above the old Culbute locks, mile 2223, as stated, shows 
granite rock at surface on both sides of the river. 


CULBUTE ROUTE (ALTERNATIVE. ) 


During August, 1906, an alternative route was investigated via the Culbute 
channel, leaving the main channel at mile 2083 passing to the north of Allumette is- 
land and connecting with the Deep river at mile 233. 
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Near Waltham station, mile 210, 12 borings were made which showed sand and 
clay to below grade, and one of these borings, mile 2094, was made to a depth of 80 
feet, through sand and clay without reaching rock. A lock at this point was there- 
fore abandoned. Above this, as far as mile 211, the borings showed sand to below 
grade. : 

The line actually estimated does not coincide with the borings made, but these 
indicate clearly that between mile 2084 to 211 there is sand to below grade. 

The lock is located in McDougal Point, and at the approach to the lower end, the 
investigation showed limestone rock, 2 to 12 feet above grade for about 2,000 feet in 
length. : 

At the lock site, it is 17 to 30 feet above grade, and rock underlies the proposed dam. 
Above the lock to Chapeau, 5 miles, is deep water and no excavation is necesary, but 
at the village a small amount of rock excavation will be required near the proposed 
bascule bridge. At Chichester, mile 2193 there is again excavation in gneiss rock, 2 ta 
12 feet in depth for about 400 feet in length. 

At the old Culbute locks and for about 1 mile above, the investigation showed 
gneiss rock, both sides of the channel, 2 to 60 feet above grade. 

Between mile 2234 and 2254, owing to the depth of water, no borings were 
necessary. 

From mile 2253 to the Junction of the two routes, mile 2274, the several small 
islands show rock at surface. 

For the Culbute route a dam across the main channel would be required at Morri- 
son’s island where there is rock at surface or slightly beneath. 

No borings were taken on the several small islands and shoals between miles 233 
and 2363, as gneiss rock is visible at the surface. a 

Near Fort William, Que., mile 237 and mile 238, 4 borings showed boulders and 
gravel to below grade. 

At mile 239, 3 borings were made, 2 of which show gravel and sand below grade, 
1 shows rock in the bed of the river above grade, elevation 356, but this boring 
is Just outside the proposed channel. 

Through Deep river, mile 239 to 2654, owing to very deep water, no borings were 
necessary, though one was made at mile 261. 800 feet north of centre line, off a sand 
point just above Fraser’s Lumber Depot, this boring showed sand to considerably 
below grade. 


DES JOACHIMS REACH. 


During September, 1906, 21 borings and test pits were made at Des Joachims for 
lock, canal and dam. 

At lock and just below, 10 test pits were made which showed about 6 feet 
of boulders, sand and gravel on gneiss rock 20 to 60 feet above grade, elevation 368 
to 407. 

Above the lock, 5 test pits show boulders, gravel and hardpan to below grade, 
except in one pit where rock shows up 5 feet above grade, elevation 393-0. 

For the dam and regulation sluices, 6 borings were made which showed boulders, 
gravel and sand for about 5 feet to rock. ; 

On all of the small islands around mile 267, rock shows up at surface. 

From mile 267 to 271, owing to deep water, no borings were taken, but an inves- 
tigation was made of the small island or shoal at mile 2703, about 800 feet north of 
the centre line, and proved to be boulders and gravel to grade. 

During August, 1905, borings were made through McConnell’s lake, an old chan- 
ne] of the river. Altogether 39 borings were taken, of which 18 were in the bottom 
of the marsh extending above Des Joachims village for a mile to McConnell lake. 
These indicated sand, gravel and boulders to below grade in the marsh with the rock 
rising on either side of the gully. 
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Through McConnell’s lake for the next 24 miles, no borings were necessary as 
the raised water would require no excavation. For are a mile, however, through the 
head of the gully at Ferris bay, 21 borings were made which showed 1 to 7 feet of 
boulders and sand on rock above grade. This rock rose to 20 and as high as 54 feet 
above grade, then abruptly lowered, and only sand, boulders and gravel were en- 
countered out through Ferris bay to the main river. 


From mile 271 to 2774 owing to deep water, no borings were necessary. At 
Reilly’s rapids, between mile 2773 and 2783, no borings were taken as solid rock is 
in evidence on the surface of the small islands and shoals, and along the shore. 

From mile 2783 to 2793, owing to deep water, no borings were necessary. 

At McSorley’s rapids, between mile 2793 and 280%, the small islands and shoals 
show solid rock at surface. 

From mile 2804 to the Maribeau rapids, mile 2824, owing to deep water, no 
borings were taken. 

The characteristic feature of this part of the Ottawa river and of the Nipissing 
district is the prevalence of considerable boulder drift formation on the surface, and 
also extending to a great depth in some localities, which necessitated an investiga- 
tion by test pits. 

Between mile 282 and 283, an investigation was made for a dam site across 
Maribeau. island and on both shores. Five borings were taken which showed 10 to 
20 feet of sand, gravel and boulders on gneiss rock. This site was abandoned later 
and another site chosen further up the river.. No borings were taken in the Mari- 
beau rapids, as solid rock is in evidence in the bed of the river 3 to 7 feet above 
grade. 

At the bend in the river below the Rocher Capitaine rapids, the line leaves the 
river and follows a depression across a projection of the north shore, thence entering 
the river again at mile 2853. Fifteen test pits and borings were made here during 
October and November, 1906. 

At the approach to the Rocher Capitaine locks, the investigation showed gneiss 
rock 2 to 22 feet above grade, elevation 390 to 410. 


ROCHER CAPITAINE REACH. 


During 1906, an investigation was made at mile 284 for the proposed locks. 
Seven borings and test pits were made. At the lower lock, the investigation showed 
3 to 5 feet of boulders and gravel on gneiss rock, 40 to 60 feet above grade. eleva- 
tion 428 to 448. At the upper lock, the borings showed 1 to 4 feet of muck and loose 
rock on gneiss rock 88 to 44 feet above grade, elevation 456 to 462. Above the locks 
for a distance of 3,000 feet, the borings showed 12 to 15 feet of muck and fine gravel 
on gneiss rock 5 feet above grade; for the next 2,500 feet, the test pits showed 10 to 
15 feet of boulders and gravel on gneiss rock 20 to 36 feet above grade, elevation 468 
to 484: and for the next 3,600 feet to the river, the investigation showed 2 to 12 feet 
of boulders, gravel and sand on gneiss rock, from 1 to 17 feet above grade, elevation 
449 to 465. 


At the chosen dam sites which cross both branches of the river to the Rocher 
Capitaine island, 5 test pits were made. The investigation over the main channel 
showed solid rock at surface on the north shore, and on the south shore, two 
test pits showed 12 to 20 feet of hardpan which was not penetrated to the solid rock, 
being considered hard enough for the purpose. For the dam over the back channel, 
3 test pits were made showing 3 to 15 feet of boulders, sand and hardpan, which was 
not penetrated to solid rock. 

From the head of Rocher Capitaine rapids, mile 286 to the foot of the Deux 
Riviéres rapids, mile 2963, no borings were taken, owing to deep water throughout. 
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At the foot of the Deux Riviéres rapids, the line leaves the river and follows up a 
slight depression of the Deux Riviéres creek, joining the river again at the head of 
ena rapids. Thirteen borings and test pits were taken here during November, 
1906. 

At the approach to the Deux Riviéres lock, the investigation showed gneiss rock at 
surface 15 to 30 feet above grade, elevation 463 to 478. 

At the proposed lock site, borings showed about 1 foot of sand on solid rock 37 
feet above grade. 

For about 2,500 feet above the lock, the test pits showed about 5 feet of muck, 
gravel and boulders to below grade. For the next 3,500 feet, the investigation showed 
5 to 12 feet of boulders, gravel and sand on rock 2 to 6 feet above grade. And from 
there to deep water, showed muck, sand and gravel to below grade. 

At the proposed dam site, the investigation showed solid rock at surface on the 
north shore, one boring on the south shore showed about 20 feet of boulders, gravel 
and sand, and another showed rock at surface; in the bed of the river, the investiga- 
tion showed considerable deposit of boulders, gravel and sand. 


DEUX RIVIERES REACH. (ALTERNATIVE. ) 


During January and February 1906, an alternative route was investigated for a ~ 
lock, canal and dam, about 1,000 feet north of the chosen route. Twenty-four test 
pits and borings were made here, a total of 422 feet. At the approach to the pro- 
posed lock site, the investigation showed boulders, gravel and sand to grade. 

At the proposed lock site, mile 2964 the test pits showed boulders, gravel and 
sand to 10 feet below grade, but no rock was encountered. 

Above the lock for a distance of 7,500 feet, the test pits and borings showed 5 to 
45 feet of boulders and sand to below grade. 

At the proposed dam site, the investigation showed gneiss rock at surface on both 
sides of the river; and in the bed of the river, boulders, gravel and sand on rock. 
From mile 298 to 309, owing to deep water, no borings were necessary. 

Between miles 309 and 313, several small shoals 2 to 4 feet above grade, showed 
boulders and gravel. 

From mile 313 to 317 in deep water. 

From mile 317 to the foot of the Mattawa lock, the investigation showed boulders, 
gravel and sand to grade. 


MATTAWA REACH. 


Between the Ottawa and Mattawa rivers at Mattawa village, an investigation 
was made during May and December 1905, for a lock and canal. Eighteen borings 
and test pits were taken through the natural depression back of the village. 

At the approach to the lock, the test pits showed about 10 feet of sand and gravel, 
on boulders and gravel, to 10 feet above grade. This material could not be penetrated 
to grade owing to the water from river flowing into test pits; the same trouble was 
encountered at lock site; consequently grade was not reached, but the material pene- 
trated showed sand, gravel and boulders to about 6 feet above grade. 

From the head of the lock to the Mattawa river, the borings showed boulders on 
gravel, sand and clay to below grade. 

For the dam,*5 test pits were made which showed-boulders on gravel to a depth of 
24 feet. 

From ‘mile 319 to 3203, foot of Plain Chant lock, no borings were made, the 
surface material showing boulders, gravel and sand to grade. 
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PLAIN CHANT REACH. 


In December, 1905, four borings were made fora dam site below the Plain Chant 
chute. Three of these borings showed 15 feet of boulders, sand and gravel; the other 
showed 8 feet of boulders and sand on rock; on the north side, no borings were made, 
rock being in evidence at surface. 

In January 1908, another location for a dam was investigated further up the 
river, and borings taken on the north side showed rock at surface for about half the 
distance, the other half being covered with boulders, muck and sand for a depth of 2 
to 10 feet. 

At the Plain Chant lock, one boring was made which showed that the rock was 

covered with about 2 feet of boulders and sand. 

Above the lock, granite rock is in evidence, at surface. 

From mile 3214 to 3263, Lake Plain Chant, no borings were taken. 


LES EPINES REACH. 


At Les Epines rapids, mile 3263 to 3274, two lines were investigated for a lock 
and canal. Nine test pits were made, all of which showed a hardpan of boulders and 
sand to a depth of about 20 feet on loose drift sand to grade. 

Above the proposed lock, the test pits showed hardpan to below grade. 

Three dam sites were investigated :—1st, one below the rapids, 2nd, one at the foot 
of the proposed lock, 3rd, one at the head of the proposed lock. The test pits on the 
north shore showed the same material as was encountered at the lock site, but on the 
south side, gravel was found to a depth of 15 feet. At site No. 1 and at sites Nos. 2 
and 3, rock shows up at surface, on the south side. 

Between mile 3273 and 3313, no borings were made, the excavation necessary being 
very slight, and boulders and gravel are seen at the surface. 


PARESSEUX REACH. 


Between mile 3314 and 335, a short line to connect the Mattawa river with Lake 
Talon was investigated during September 1905. Seventy-three borings and test pits 
were made for canal and locks. 

At the approach to the Lower Paresseux locks, solid gneiss rock shows at surface, 
and at both lock ‘sites, rock shows up at surface, except in the bottom of the gully 
where about 15 feet of muck and sand overlies the solid rock. | 

Between the lower and upper locks, a distance of about 6,000 feet, the borings 
showed considerable muck, and sand on rock, in some places as much as 18 feet deep, 
which would be below the proposed grade line. 


SUMMIT LEVEL. 


At the Upper Paresseux locks, solid rock shows up at surface. 

From above the locks to Beaver lake, a distance of about 2,500 feet, the surface 
shows solid rock. 

From Beaver lake to Lake Talon, a distance of 3,000 feet, the borings and test 
pits show gravel and boulders and hardpan to below grade for about half the dis- 
tance. The balance shows solid rock at surface, or a few feet below surface. 

Between mile 334} and mile 341, Lake Talon, no borings were necessary, as raised 
water gives the necessary draft. 

Between Lake Talon and Turtle lake three routes were invedtigated.First, via 
McCool’s bay to Pine and Pine to Turtle. Second, via Spottswood bay to Pine and 
Pine to Turtle. Third, Mattawan river and through a chain of four lakes and ponds 
to Turtle lake. 


~ 
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On route No. 1, eighteen borings and test pits were made during July and August 
1905, showing boulders, gravel and sand to grade, to a depth of 55 feet in one hole. 

On route No. 2, 82 borings were made during August, 1905, showing boulders and 
hardpan at east end, and in swamp, muck sand on boulders and bed rock above grade. 

On route No, 3, 52 borings were made during January, 1905 and April, 1906, show- 
ing sand and clay to below grade, except points of land which show boulders on top 
where no borings were made. 

In Pine lake, 95 borings were made in February, 1905, showing mud and sand 
and boulders and rock above grade. 

Between Pine and Turtle lakes, 13 borings were made in August, 1905, showing 
Loulders and sand on bed rock at east end, and muck and sand on bed rock at west end. — 

In January, 1905, 120 borings were made in Turtle lake as follows: In the east 
end 20 borings made showed mud and gravel to below grade. 

At the head of the Mattawan river, 19 borings were made which showed sand 
and gravel to below grade. 

Between mile 345 and 3464, 81 borings were made showing sand and gravel to be- 
low grade, and bed rock at the points of land. 

In January, 1905, 120 borings were made in Trout lake as follows:— 

Between miles 3743 and 349, 74 borings were made showing mud and gravel to 
below grade, except at points. 

At mile 350, 8 borings were made showing mud and gravel below grade. 

Between mile 350 and 3554 no borings were necesary owing to the depth of the 
water in the lake. 

At the head of Trout lake, 38 borings were made showing sand and gravel to be- 
low grade, these borings being for an alternate route. 

Between Trout lake and Nipissing lake, mile 3553 to 3594, 185 borings were made 
in March and June, 1905, and November, 1906, 50 of these. being taken in a chain of 
5 small lakes, as follows: 

Between Trout lake and McLean lake, 11 borings showed sand, gravel and boulders 
on rock considerably above grade. 

Between the other small lakes along the canal line west of Trout lake, borings 
showed boulders, gravel and sand on bed rock. 

In the bed of the above several lakes, borings showed mud and gravel on rock 
below grade. 

Between the last lake and head of lock, borings showed sand, and gravel to below 
grade. 

At the lock site, 12 borings were made showing sand, and sand and gravel on rock 
above grade. 

From the lock, mile 358, to Lake Nipissing, 2 lines of borings were made and 87 
borings taken, showing sand, and sand and clay to below grade, 35 feet deep, except 
at mile 3583, where bed rock was in evidence above grade for 1,200 feet, also at 
mile 359. 

In Lake Nipissing, no borings were made, except at Rocky Point. Tests, however, 
were made by survey party and showed sand and gravel to below grade. 


FEEDER. (SECTION No. 1). 


During October and November, 1906, a line was investigated for a canal to feed 
Lake Talon with water from a number of lakes in Algonquin Park via the Amable 
du Fond river and across to Sparks creek. 

Sixty-three borings were made over the proposed centre line of canal which showed 
boulders and sand on bed rock over a considerable part of the route; solid rock is in 
evidence at surface in many places along the side hills where followed. 

Fifteen borings were made at the proposed dam site over the Amable du Ford river 
on both sides of the river bed, where bed rock is encountered a few feet below surface, 
the borings in the bed of the river show 5 to 10 feet of sand and gravel on bed rock. 

@ 
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A total of 482 feet of borings were made. (For further details, see Boring Book, 
No. 39.) a 


AMABLE DU FOND ROUTE. (ALTERNATIVE.) 


From Lake Plain Chant to Talon lake, considerable investigation was made via 
Amable du Fond route during October, November and December, 1905; commencing 
in Lake Plain Chant, mile 325, connecting a chain of 7 lakes and part of the Amable 
du Fond with Pimisi bay, the Mattawa river and Lake Talon, mile 335, 14 localities 
for canal and dam were investigated, and 144 borings made. Details of these borings 
are to be found in boring books, Nos. 38 and 10. 

At the Little Paresseux falls, two sites for a dam were investigated, in October, 
November and December, 1905, over the upper sites, 7 borings were made showing 
bed rock a few feet below grade, and over the lower site, 4 borings were made showing 
boulders, gravel and sand to a considerable depth. 

Canadian Pacific Railway Diversion, necesary in case of Amable du Fond route. 

A diversion line for the Canadian Pacific Railway was investigated November 
15-18, 1905, and 18 borings were made. Solid rock was in evidence at surface over 
a considerable part of the line, the balance showing sand and clay to a considerable 
depth on bed rock. 


FRENCH RIVER. 


No borings were made on the French river. Solid granite rock is in evidence 
everywhere. 
SUMMARY OF TEST BORINGS. 
The total number of borings plotted on plans, made on each section, is as 
follows :— 
Section No. 9.—Montreal to Ste. Anne ee Riviére 


des Prairies). . « ES Cee ee 349 

2 8.—Ste. Anne to ures Fe Sie ae 302 
2 Te-Carilion to Ottawalers ih. athe Sie ee 232 
Ms 6=-Ottawa > to. "Chats-Pallsev 22028 Ue See S 170 
- 5.—Chats Falls to Coulonge.. .. ........ 178 
Cahimet -Chatinel 40725 Dent, Sie Gea eee 82 
Culbute ‘Channels athe ee eee 13 

es 4.—Coulonge to Des J pachine™ ie Be en 198 
= 38.—Des Joachims to Mattawa.. .. .. .... 62 
Amable tdarhoad wiencs ert ae eee 144 

CORB IORS Diversion 4 Yel! ae eee 18 

af 2.—Mattawa to. Talon’ lake... 2. 00.5 8 123 
Feeder and Dam.. .. . Pe Petror eels: 78 

fe 1.—Talon lake to Lake Nepisainens ats tthe Wa 635 
: 2,584 

Grimes nopploued: On \Dlans oe acai sca cae so el ca eee 406 
2,990 


Feet bored, 27,000. 
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APPENDIX C. 


LOCK GATES. 


OFFICE or HENRY GOLDMARK, 
CONSULTING ENGINEER, 
216 Boarp or TRrAapE Bumnpinc, 
Montrear, December 20, 1906. 
A. St. Laurent, Esq., 
Asst. Chief Engineer, 
Dept. of Public Works, 
In charge Surveys, Georgian Bay Ship Canal, 
Ottawa, Ont. 


Dear Sir,—As requested by you, I have gone over carefully the estimates of 

weights for the lock gates of the proposed Georgian Bay Canal, kindly sent me, and 
find them to be correct. The width, depth and lifts are in accordance with the list 
of locks furnished to me from your office, which I bee to return herewith. 
. These gates are of the mitering type, with outlines and proportions in accordance 
generally with the sketches sent you with this letter. They are to be built of medium 
steel with timber meeting pieces at the sill as well as the hollow quoins and the miter 
posts. The rise of the gates is, in every case, one-fifth of the span between quoin 
centres. A brief description of their construction is given in a subsequent section of 
this letter. 

As the report you are preparing is, I understand, for purposes of estimate only, 
no attempt was made to design the details of the gates, nor to prepare working draw- 
ings for the specific dimensions of the several locks, 

The estimates of weights as computed in the accompanying tables are, however, 
based on the extended series of designs made by myself for the United States Board 
of Engineers on Deep Waterways in 1897-99. 

These designs and studies covered a large number of gates for locks 60, 65 and 
80 feet wide in the clear, for depths on sill of 21 and 30 feet, and for lifts as high 
as 50 feet. In each case the stresses were computed, the cross-sections of steel, in 
the different parts, laid out from merchantable sizes of metal, and the weights cal- 
culated for variations of three feet in the lifts of the lock. Upper gates and guard 
gates were also designed in detail. 

The results of these computations, which included the proportioning of many 
hundreds of gates, were used as the basis of general formulae, giving the total shipping 
weights of the gates in terms of the dimensions of the gates. 

These formulae appear to give satisfactory results, even for locks much wider 
than those on which they were based. On substituting the dimensions of the 100 foot 
Poe lock at Sault Ste. Marie results were obtained for the calculated weights, differing 
only about 64 per cent from the actual shipping weights of these gates. 

As the dimensions of the Georgian Bay Canal agree quite closely with those used 
in the designs on which the formulae were based, I fee] entirely confident that the 
results obtained from the general equations will give satisfactory results agreeing quite 
closely with the actual weights of the gates. In other words, it may be considered 
certain that good substantial gates can be built, which will not weigh more than the 
amounts given. To cover contingencies and differences of opinion in future designers 
it is recommended to add say ten per cent to these weights. It may perhaps be de- 
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sirable to give briefly the conditions as to loading and stresses under which these gates 
were calculated. 

The general shape of the gate is practically straight in horizontal outline, only 
the upstream side being slightly rounded near the ends. This shape for locks 65 feet 
wide gives a better and more economical construction than the arched or curved forms, 
besides having many practical advantages in operation. 

As stated above, the clear lock width is 65 feet, the depth on the sill is 22 feet to 
normal water level and the lifts vary from 12 to 44 feet. 

The top of the coping on the lock walls is taken at 5 feet above the normal water 
level, the top of the gate proper being one foot below top of coping. All computations 
were made with the water extending to the top of’the gate, or four feet above normal 
water level. 

The gates are single skin gates, the plating being put on the upper side. The 
lower side has no plating, but merely sufficient bracing to maintain the shape of the 
gate. This enables all parts to be examined without difficulty, and to be readily 
cleaned and painted. 

The horizontal type of construction was adopted throughout. There is a series 
of horizontal girders which are spaced about 3 feet apart and serve to carry the water 
pressure to the hollow quoins in the side walls. Between these girders a series of up- 
right vertical frames are placed to ensure ample stiffness against accidental blows 
and to maintain the proper shape of the gates. The presence of such vertical stiffening 
frames, although essential to the proper construction of the gates, render the exact 
distribution of the stresses over the different horizontal and vertical members some- 
what uncertain. In designing the typical gates mentioned above, the rule was followed 
of computing every part of the gate for the heaviest load that could eome upon it 
under the most unfavourable supposition. This method gives gates that must be 
amply strong to resist the water pressure, while at the same time additional strength 
is supplied near the top of the gate which is most liable to accidental injury. 

Under the above severe conditions, no part of the metal is stressed more than 
10,000 pounds per square inch. 

Hoping that the data herewith given will be sufficient for the purpose of your 
Report. 

I remain, very respectfully yours, 


(Signed) HENRY GOLDMARK, 
M. Can. Soc. C.F., M. Inst. C.E. 


Nore—For types of gates refer to plates 32 and 33. 


EXTRACT OF REPORT ON LOCK GATES. 
(U. S. DEEP WATERWAY COMMISSION—1900.) 


As a preparation for the design of the gates, the plans of many existing large 
locks were carefully studied and the literature upon the subject, both in English and 
in foreign languages was made the subject of an extended research. A list of the au- 
thorities consulted upon the subject of mitering gates is given at the end of this re- 
port, with a brief note in regard to each. It is believed that the list is quite complete, 
covering nearly all that has been written upon the subject. 

An investigation was made to determine whether some one of the numerous forms 
of single-leaf gate or the mitering gate is the more desirable type for the work in 
hand. The result was the adoption of the mitering gates as a basis of the designs and 
estimates. 
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A study was then made of the relative merits of the horizontal and vertical 
systems of framing for mitering gates, resulting in the adoption of the horizontal 
system. 

Steel mitering gates of the horizontally framed type having been decided upon, a 
lengthy investigation was made to determine the rise of sill and the form, whether gir- 
der or arch, of horizontal frame which will give the best results when economy of con- 
struction and facility of operation are considered. The question of the relative 
economy of the arch and girder form of horizontal frame has been a mooted one for a 
long time. The result of the investigation was the adoption of a rise of sill of one- 
fifth the width of the lock for all cases, and the adoption of a horizontal frame straight 
on the downstream side and curved on the upstream side, with depths varying for 
different widths of lock. 

This is the so-called girder type. It was found that it presents advantages of 
greater stiffness and requires a shallower recess in the side wall than the arch form, 
and that, considering the state of the labour and steel markets at the present time and 
during the last decade, it is actually cheaper. 

For the quoin and miter posts, wooden-bearing pieces were used on gates having 
the lighter pressures, but it was found necesary to use metal in some of the gates for 
locks of very high lifts. 

A study was made of the variation in the position of the centre of pressure at the 
miter and its influence in determining the most economical form of horizontal frame. 
The results of this study are given later. 

The use of air chambers and rollers to reduce the reaction upon the anchorage 
and pivot was considered and rejected except in the case of gates weighing more than 
500,000 lbs. per leaf, in which case the lower part of the gate is enclosed, but rollers 
have not been adopted even for these extreme conditions. 

Although the gates are of the horizontally-framed type, there must necessarily be 
a few verticals. What the action of these verticals is, and what effect they have upon 
the distribution of loads between the horizontals, is a very complicated problem, and 
considerable time has been given to its solution by several different methods. 

Tor the purpose of an estimate, a large number of gates were designed in detail 
and their weights carefully computed. The law of variation of weight of gates for 
different widths and lifts of lock and depth of water on sill was discovered and some 
general equations giving the weight of gates for any width of opening, depth of water 
on sill, and lift of lock within limits were derived. 

The foregoing is a brief statement of the work done and the results obtained. 

Following will be found under their proper heads, detailed discussions of the points 
mentioned above. 


CHOICE OF TYPE. 


Besides the ordinary double-leaf mitering gate, which has been used so long and 
so exclusively that it has become the standard form, there are numerous forms of 
single-leaf gate. The differences between these various forms depend entirely upon 
the method by which they are moved into and out of place. 

The sliding gate moves endwise into a recess in the side wall of the lock. The 
lifting gate moves vertically upward, and the plunging gate vertically downward. The 
single-leaf swinging gates revolves about a vertical axis at one of its ends, and the 
quadrant gate about a vertical axis in the center line of the lock, at a distance from 
the gate of the half width of the lock. The tumble-gate revolves about a horizontal 
axis at its lower edge. The bascule gate revolves about a horizontal axis at one of 
its lower corners, operating like the bridge of the same name. 

All the above forms of gate have been proposed and most of them have been used. 

All forms of the single-leaf gates possess in common the advantage of allowing a 
-somewhat clearer and more definite analysis to be made of their stresses than does the 
mitering gate, and also the advantage of allowing simpler operating machinery. 
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For the work in hand the lifting gate could not be used on account of the masted 
vessels which will use the locks. 

The plunging gate is practically untried and presents serious difficulties in the 
problem of keeping clean the pit into which it descends, and in most cases the masonry 
would cost more than for mitering gates. A roller bearing similar to that used in the 
Stoney sluice gate is usually introduced, which gives the gate the advantage of being 
moved rapidly and operated under much greater head of water than the mitering gate. 

The sliding gate has been used in numerous cases in Europe and presents many 
advantages, chief of which is its ease of movement, as it is pulled endwise, thus offering 
less resistance to the water than it would if moved in any other direction. In a tidal 
lock it is especially adaptable, since it will withstand a pressure from either side. 
The gate may move on trucks or rollers on its bottom, or it may be suspended from 
above and run upon a fixed or a swing bridge. 

The single-leaf swinging gate possesses the merit of reliability and of easily ana- 
lyzed stresses, but is not economical, is slow of movement, requires much more power 
to operate it, and when used for a lower gate it reduces greatly the effective length of 
the lock. 

The tumble gate has the advantages of easily analysed stresses, simple masonry, 
and for low lifts it is quickly moved and is economical of masonry, but it requires a pit 
in the bottom of the lock which is not easily cleaned. It is more particularly adapted 
for upper gates in the case of high-lift locks. When used as a lower gate it decreases 
too much the effective length of the lock. It has been used abroad and upon the Erie 
canal in this country. 

The advantages claimed for the quadrant gate are that it is quick of operation 
and gives a maximum effective length of lock with minimum cost of masonry. On 
the other hand, it is as yet untried, and, considered with respect to its stresses, it is 
unscientific, since its reactions on the side walls are in a direction to increase the 
bending movement upon the horizontal girders, and, unlike all other forms of single- 
leaf gates, its reaction has a component normal to the side wall. 

The bascule gate has been hardly more than suggested. It has no apparent ad- 
vantages over the other forms of gate. 

Designs and careful estimates were made of single-leaf swinging gate, a single- 
leaf sliding gate, and a mitering gate, all for the same location, and it was found that 
they did not differ materially in weight. 

The form of gate which would actually cost least will not be the same in different 
cases, but will vary with the width and depth of opening and lift of lock and with local 
conditions, but the difference of cost between any two of these forms of gate will not 
be great. 

Speed of operation, reliability and immunity from accident are more important 
considerations than first cost. 

The mitering gate has stood the most rigid test, the test of time, and is practically 
the standard form of gate for locks. Its use shows no sign of abatement and as all 
forms of single-leaf gates are more or less untried for large locks, it was deemed best 
to make the mitering gate the basis of estimate for the present work. 


MATERIAL. 


The choice of material for the gates lay between wood and steel. 

Wood has been used almost exclusively for small gates and for large gates it has its 
full share of favour. In this country, where timber is abundant, it has been used and 
has given excellent satisfaction, but like the wooden bridge, its use is on the decline 
and the more recent large gates have been built of steel. 

In England, however, although timber for gates has to be imported it is still used 
quite as much as steel ,even for the largest gates. A case in hand is the Manchester 
Ship canal, which has all its gates built of green heart timber. 
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The advantages of timber for gates are its lightness when submerged, its ease of 
repair in case of accident, and in many localities its low first cost. On the other hand 
the life of a timber gate is comparatively short. It begins usually to show weak- 
ness after from 10 to 15 years, involving repairs and requiring to be renewed after from 
15 to 20 years. 

Steel for gates is more in favour than wood in this country, and is preferred 
about equally in England, while on the continent of Europe it is used exclusively. 

When designed to admit of inspection and painting, steel gates are much more 
enduring. Some of the early examples show little rusting after 30 years. } 

The chance of accident is not believed to be great enough to warrant the use of 
wood on account of its repair. In many of the proposed locks for the deep waterways, 
the lift is so great that it would be almost impossible to provide the necessary strength 
in a wooden gate. For these reasons, and because steel is structurally, a much better 
material than wood, steel gates have been designed for all the locks. 


RISE OF SILL. 


The principal functions of the two leaves of the mitering gate when closed is to 
form an arch, which takes the water pressure and transfers it to the side walls. 

What the rise of this arch shall be is a question of some importance. The weight 
of the gate depends somewhat upon the rise of sill, but only to a slight extent. There 
are more important practical considerations which decide the question. 

The less the rise of sill the longer will be the time required to open and close the 
gate, and the greater will be the thrust upon the masonry and the effect of any change 
in the length of the gate due to change of temperature. On the other hand the greater 
the rise of sill the longer the gate and consequently the shorter the effective length of 
the lock, and if the gate be economically designed, the deeper will be the gate and 
gate recesses. : 

The choice of rise of sill then, becomes a compromise between the above advanta- 
ages and disadvantages. Inasmuch as a rise of one-fifth the width of lock seems to 
best satisfy the practical considerations and also to require a somewhat lighter gate 
than any other, it has been used for all the gates designed. 


AIR CHAMBERS. 


If the gate is not otherwise supported the pivot must carry the total weight of 
the gate less whatever flotation it may have, and, besides both pivot and upper hinge 
sustain horizontal reactions of considerable magnitude. ; 

Two methods have been followed to relieve the pivot upper hinge. 

The first is to place under the gate a roller, which runs upon a track in the bottom 
of the lock, and carries part of the weight of the gate. This device has been used 
with timber gates quite extensively, especially in England, but the custom is being 
discontinued. In order that the rollers shall work perfectly the axis of rotation of the 
gate must be perpendicular to the plane of the roller’s track. Any inexactness in this 
plane or settling of the track may make the roller useless. Wearing of the roller- 
bearing may do the same. 

The second method of reducing the reactions of the upper hinge pivot is to place 
a water tight sheathing on both sides of the gate, forming an air chamber, which sup- 
ports the gate by buoyancy. This method is quite generally used. It has, however, 
many serious disadvantages. As gates with sheathing in both sides have usually been 
built, their interiors have been very difficult to inspect, clean and paint, on account of 
the too confined space for efficient work and especially the difficulty of ventilation 
while painting. The result has been that many enclosed gates have been left without 
painting of their interior during their entire life, which was materially shortened 
thereby. 
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The gates sheathed on both sides are more expensive because the shop work and 
assembling of parts is more difficult; there are more joints to calk and the calking of 
joints must be done with greater care, and because the extra sheathing, especially 
when horizontal frames straight on the downstream side are used, adds weight and 
little or no strength. 

The pivot and upper hinge must be made strong enough to sustain the reaction 
of the gate when it is swung in air at times when the lock is pumped out, therefore the 
pivot can not be made much smaller when double sheathing is used than when it is not. 

It would seem that the gate with a single sheathing is preferable in every way, pro- 
vided the pivot is not overstrained and its size is not impracticable. 

All the gates designed, with the exception of a single case, have, as the drawings 
show, sheathing on one side only, leaving the interior open and allowing of inspec- 
tion and painting at all times. This results in a very simple construction, which 
will cost little more than ordinary bridge’ work. 


QUOIN POST. 


The function of the quoin post is fourfold. It must act as a column in earry- 
ing the weight of the gate; it must act as a girder transversely to the gate and also 
in the plane of the lines of thrust of the horizontal frames and distribute the pres- 
sure along the quoin; and withal it must furnish a satisfactory closure between the 
gate and wall. 

The post as designed consists of a very thick web plate with four heavy flange 
angles. This forms the vertical girder acting transversely to the gate. To the 
flanges of this girder and lapping well upon the horizontal frames are riveted a 
heavy 86-inch plate on the up-stream side and a 42-inch plate on the down-stream 
side, which distribute the thrust of the horizontal frames. 

It is deemed advisable to make the bearing pieces of the quoin posts of wood, 
except in the heaviest gates, where metal is used. In most of the gates designed the 
thrust in the quoin is so great that the required bearing area demanded by the 
masonry is very large. A large bearing can be provided much more cheaply and satis- 
factory by the use of wood than by steel for the bearing part of the post. 

Wood is easily shaped. It adjusts itself to any unevenness of errors of workman- 
ship and is more easily repaired or replaced in case of accident or wear. 

The axis of rotation has 1 inch eccentricity from the center of the cylinder. 
Thus the wood is relieved from bearing as soon as the gate begins to be opened. The 
eccentricity being small, there is very little chance for any foreign substance te 
lodge between the wood and masonry. 

From the consideration of the quoin itself the cylindrical form has every 
advantage. Much greater width of bearing can be provided by its use than with 
the flat form, since the width of the flat bearing is limited by the consideration that 
the center of rotation must lie on the upstream side of a perpendicular to the bear- 
ing plane erected at its upstream edge. The principal advantage, however, of the 
cylindrical bearing piece is the fact that the line of thrust must always pass through 
the center of curvature, while with a flat bearing piece the position of the line of 
thrust will always be in doubt, the only sure thing about it being that it has consider- 
able variation, reducing the allowable average intensity of pressure upon the surface 
and causing an uncertainty and variation of the stresses in the horizontal frames. 

In cases where the pressure per vertical inch of quoin does not exceed 9,000 
pounds, it is proposed to use wood in the quoin post. As the width of bearing is 23 
inches, the greatest intensity of pressure amounts to about 400 pounds per square 
inch between the wood and the stone. 

In some of the gates designed the thrust at the quoin passes this limit, as it was 
not thought practicable to make the timber bearing wider than 23 inches. A metal 
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quoin and metal bearing pieces on the quoin post are used for these heavy pressures. 

The post itself is the same as before, except the steel-casting bearing pieces. 

This metal quoin is intended for use on all heavy gates sixty-five foot locks, 
which withstand a head of more than 40 feet. 

All the castings are of steel. No eccentricity is used, as in the case of wooden 
bearing pieces, the quoin and quoin post being in contact at all times. This elimin- 
ates all danger of foreign substances lodging between the bearing surfaces. It may 
appear at first sight that this arrangement will cause a large frictional resistance in 
the quoin. The resistances will not be much greater without than with eccentricity 
in the quoin, since the horizontal thrust, due to the weight of the gate, must be taken 
eare of either in the quoin itself or concentrated upon a bearing at the bottom of the 
gate. The lever arm of the frictional resistance of this bearing for the very heavy 
gates could not be made much shorter than the radius of the quoin, and, as friction 
is independent of area, little would be gained and much lost by providing an eccen- 
tric Learing. 

The only gain would be the slight reduction of the horizontal thrust of the gate 
while turning, on account of the slightly lower position of its center of resistance 
and the fact that the smaller bearing would keep cleaner and have a somewhat lower 
coefficient of friction. However, even assuming a very high coefficient of friction 
less than one-half horse-power will be required to do the work of overcoming friction 
in the heaviest gate. 


MITER POST. 


The functions of the miter post are practically the same as those of the quoin 
post, the only difference being that it bears against another similar post instead of 
against a hollow quoin and does not carry the weight of the gate. As designed it is 
structurally the same, the only difference being in the shape of the bearing pieces, 
which are of the same material in the quoin and miter post in all gates. 

' Details of the posts with timber bearing pieces are shown on plan. The draw- 
ings explain themselves without further description; where timber is shown it is pro- 
posed to use white oak. 

The practice in the past has been to use wood exclusively for the meeting faces 
of the gate. In a few of the more modern gates, however, steel is used. Wood has 
been preferred to steel because it makeg a more water-tight joint on account of its 
more yielding nature. This is certainly true in cases where the thrust of the gate 
is not great. It is probable, however, that if the intensity of pressure between the 
steel bearing pieces be high and the parts carefully made, a very good joint will re- 
sult. In the present work, the use of steel bearing blocks in some cases would be 
imperative, since the thrusts are so great as to require a bearing 8 feet wide if of timber, 

Considerable time has been given to the study of the position of the centre of 
pressure at the meeting faces, since upon it depends quite largely the stresses in the 
horizontal frames. 

The meeting faces made be made plane or curved. The former is the more usual 
shape and is entirely satisfactory when the thrusts are moderate enough to allow of a 
comparatively narrow bearing face being used; but when very wide bearing is required, 
plane meeting faces give trouble by ‘nipping’ or meeting at their extreme edges. If 
the faces of the bearing pieces are planes, the most favourable condition is a uniform 
pressure over their entire surface. 

This ideal condition cannot be realized in practice, as it can only occur for one 
definite length of the gate leaves, and then only if the angle at which the meeting pieces 
are fitted is absolutely correct. 

Since the length of the gate varies with the temperature and the stress to which 
the structure is subjected, and, furthermore, absolute exactness either in the shape 
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of the gate or the fitting of the miter pieces is impossible, a strictly uniform pressure 
will never occur. 

When gates are being closed and the two leaves approach each other, the bearing 
pieces will first meet on their extreme upstream or downstream edges, the faces making 
a very small angle with each other. 

As the water pressure comes upon the gate the material compresses, and from 
being in contact at a line along the extreme edge they come in contact along a verti- 
cal strip extending from the edge of the meeting faces toward their middle, and in 
most cases bringing their entire surface into contact. 

If the designer is convinced that the bearing blocks will be thoroughly saturated 
at all times, and if he will proportion them so that the pressure per vertical inch of 
miter, divided by the width of the bearing face in inches shall be about 400, he may 
use bearing blocks with plane meeting faces with little fear that the centre of pressure 
will be more than, say a tenth the width of face from its centre. If he is not sure of 
this, he must make whatever assumptions seem to him reasonable. 

By giving the bearing blocks a cylindrical form of large radius, there will be much 
greater certainty that the range of the centre of pressure will be confined to narrower 
limits. 

The practice of those in charge of locks bears out the wisdom of this. It is 
their custom, when the gates give trouble by nipping, to slightly round the faces of the 
bearing blocks, which expedient has been found to remove the trouble. 


STEEL BEARING PIECES. 


Very much more favourable conditions as regards eccentricity of pressure prevail 
when steel bearing blocks are used in the quoin and miter posts. Very little uncer- 
tainty exists in regard to the position of the centre of pressure, and it is quite certain 
that its variation will be small. 


FRAMING. 


Since the two leaves of the gate form an arch which receives the horizontal load 
of the water pressure and transmits it to the side walls, it necessarily follows that the 
principal members of the gates must be horizontal frames extending from miter to 
quoin post. These horizontals may be placed so close together that the sheathing is 
able to deliver the water pressure directly to them, or they may be placed farther apart 
and vertical girders employed to take the pressure from the sheathing and deliver it to 
them. 

These two arrangements divide gates into two classes, known as the horizontal 
and vertical types, the relative merits of which have been made the subject of much 
discussion. 

An extreme case of vertical framing is the use of but one horizontal, and that at 
the top of the gate, allowing the lower end of-the verticals to bear against the sill. 
- This has the advantage of allowing a very clear analysis of the stresses in the verticals 
and making the sill do much of the work that would otherwise be done by the hori- 
zontals. This form of gate may be economical under small heads of water and in gates 
that have much greater length than height. A difficulty arises, however, in providing 
a satisfactory detail at the miter and quoin posts. | 

Between this extreme case and the purely horizontally framed type there is the 
ease of relatively few horizontals with intermediate verticals. A satisfactory detail at 
the miter is possible with this arrangement, and it has a field in which it may be used 
with economy. This field includes cases of very low lift of lock in which the pressures 
are small. This type may be used with economy for upper and lower gates for 60 
foot locks having lifts less than 8 or 10 feet. 

These cases are very rare, however, in the locks for the proposed waterway, and 
all the designs are the purely horizontal type of framing. 
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HORIZONTAL FRAMES. 

One of the questions in gate design most frequently discussed is—What shall be 
the shape of the gate in plan, i.e., what is the proper form of the horizontal frames? 

A circular arch form is advocated quite generally, on the ground that for the same 
stréngth it is lighter and is therefore cheaper. A sort of gothic arch is preferred by 
some engineers, and still others advocate the so-called girder form, which is straight 
on the downstream side and any desirable shape on the other. The advocates of this 
latter form maintain that it has many inherent advantages over any other and that 
when properly designed its weight will be but little greater than the arch form, and that, 
owing to its greater simplicity, its low cost of construction will make it as cheap or 
cheaper. 

The considerations which should decide the form of horizontal frame are the 
following :— 

It is very desirable that the gate recesses in the lock walls should be as shallow as 
possible. This is a decided point in favour of the so-called girder shape. 

It is also considered desirable that when the gates are open and in their recesses 
they should continue the line of the wall; in other words, be straight on the down- 
stream side. 

The gate should be as stiff and as rigid as possible against unavoidable accidental 
blows and rough usage to which it will be subjected. The arch, being comparatively 
thin, is notably weak in this respect. 

For the work in hand it is especially desirable, for reasons which have already - 
been discussed, to use a single skin gate. 

Consequently it is desirable that the gate should be straight on the downstream 
side, to allow of diagonal bracing. 

Lastly, there is the question of economy. Tn the face of the above disadvantages, 
however, it would seem that the arch form must show very much greater economy in 
order to be perferred to the gate straight on the downstream side. 

The cost of a structure is made up of two elements—cost of material and cost of 
workmanship. 

The cost of material depends upon conditions over whieh the designer has no con- 
trol. The cost of workmanship depends quite largely upon the character of the de- 
sien. The amount of material’ which may be used to save cost of workmanship de- 
pends upon the relative cost of the two. This relation has continually changed, and~* 
any deductions based upon it at one time will not necessarily apply at another. 


As the cost of material increases, the greater will become the relative economy of 
simple structures. In general, the so-called girder shape will be simpler than the 
arch and make the gate cost less per pound. 


Tf the line connecting the centers of gravity of different sections of a horizontal 
frame coincides with the line of thrust, then it will be a perfect arch without trans- 
verse stress. If this arch has a rise conducive to economy, there is little doubt that 
so long as this ideal condition of exact coincidence of centre of thrust and centre of 
gravity exists, the minimum amount of material will be required for the frame. 


The circular arch can be readily made to fit this condition for one position of 
the line of thrust, but the line of thrust must pass through the centre of pressure 
at the miter, and, as has been seen in the study of the miter, the position of this 
centre of pressure varies between rather wide limits, depending upon the construc- 
tion of the bearing blocks. Any deviation of the line of thrust from the line of 
centre of gravity introduces cross bending in the arch, which is not well shaped to 
withstand it, thus requiring a certain additional amount of material to resist bending. 

The frame straight on the downstream side, though usually heavier when pro- 


portioned for a single position of the line of thrust, requires, on account of its 
greater depth, a smaller addition of material to cover the effect of bending. 
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It would seem that the arch form of horizontal frame will be the lighter if the 
miter can be so arranged that there will be no variation in the position of the centre 
of the pressure, and that it shows less and less economy as the variation increases 
until, if the eccentricity becomes great enough, the girder shape will be the lighter, 
always supposing that it has the greater depth, which in general will be the case. 

This conclusion is borne out by mathematical investigation. 


Besides the question of the relative economy of the two general forms of hori- 
zontal frame, there is the question of the proper rise of sill and depth for each. 


It was recognized that a mere mathematical analysis is not sufficient to deter- 
mine the form most economical of material, since in practice with the ordinary 
forms of roll steel it is not possible to make a theoretically perfect distribution of 
material. 

The arches are somewhat lighter for all lifts, but the lightest gates for different 
rises of sill do not differ greatly in weight. In other words, the rise of sill does not 
cut much figure. 


, The saving in material by the use of the arch is in all cases less than 10 per cent 

of the weight of the gate, which is believed to be sufficient to warrant its adoption 
in the face of the great practical advantages of a gate straight on the downstream 
side. It is thought that difficulties in the construction of. the arch will make the 
unit price enough higher to make up for the small difference in weight. 


It was also decided that a rise of sill of one-fifth the width of the lock is most 
desirable for practical reasons, and that a certain amount of the sheathing should 
be considered as acting as a part of the horizontal. 


The deductions from the results obtained are:— 


Furst.—lIf the gate be designed for small variation of center of pressure at the 
miter, the arch will be the lightest form for the same strength. 


Second.—The economy of the arch becomes less if A be increased until if E be 
taken great enough the girder form will be lighter, always supposing that it is the 
deeper, which in general would be the case. 


Just how great E will have to be for the arch to be the heavier will depend upon 
width and lift of lock and relation of the thickness: of the two forms of gate. In 
other words, as E increases a point will be reached at which the thicker gate, 
whether it is the arch or girder, will be the lighter for the same strength. 


Third—The arch formed of horizontal frames gives relatively greater economy in 
double skin than in single skin gates. 


Fourth.—In single skin gates, if the variation of the centre of pressure at the 
miter be 4 or 5 inches more on each side of the centre of the bearing, the economy 
in material shown by the arch is certainly not great enough to overbalance the great. 
inherent advantages of the gate straight on the downstream side and probably not 
great enough to make it the cheaper form in the present condition of the steel market. 

A careful weighing of all the practical considerations and the conclusions of the 
investigations in regard to economy resulted in the adoption of the girder-shape 
of horizontal frames. 

It will be noticed that the frame is perfectly symmetrical about its middle. 


It is so shaped that the centres of the bearing faces, both in the quoin and miter 
posts, are placed well downstream. A line joining the centres of the faces of the 
bearing pieces in quoin and miter only lies 53 inches away from the outside edge of 
the downstream flange—a very favourable arrangement. 

It is believed that the frames have been so designed that the shop work and erection 
will be very easily and cheaply done. 
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PROPORTIONING OF HORIZONTAL FRAMES. 


The direct load due to water pressure on any part of the gate is very easily found, 
since the intensity of pressure at any point is directly proportional to the head of 
water at that point. 

The loads on the horizontal frames are not the same as the external loads of water 
pressure, for the reason that the vertical stiffness of the gate causes a redistribution 
of the loads. 

The principal effect of this redistribution is to throw an increase of load into the 
upper part of the gate. 

The increase of strength in the upper part of the gate is on account of the effect 
of the vertical stiffness and because it seemed best not to place the horizontal frames 
farther apart than they are and to use no lighter than 3-inch metal in their construc- 
tion. . 

The lower or downstream flange is relatively light, and consists of two angles 
reinforced at their ends. . 

The section required for the up-stream flange is in most cases large. It consists 
of two heavy angles, a certain amount of sheathing, and a cover plate, which acts also 
ag a splice plate for the sheathing. 

What part the sheathing plates play in resisting flange strain is in doubt. Some 
designers neglect its action on account of the doubt and others would consider the 
entire sheathing as part of the flanges. The part of the sheathing plate which is con- 
nected to the flange angles must certainly act with the rest of the flange in resisting 
strain, since any change of length of the angles must cause a like change in that part 
of the plate which is attached to the angle. 

The uncertainty lies in the inability to determine just how far away from the 
flange this action extends. 

In the present work the flange section has been determined for the low unit stress 
of 10,000 pounds per square inch, and, when two 6-inch angles are used, a strip of 
sheathing 16 inches wide has been counted as part of the flange section, and when two 
4-inch angles are used a strip of sheathing 12 inches wide was counted. The probability 
is that the sheathing has much greater effect than has been assumed, reducing the 
maximum stress, to, say 7,000 or 8,000 pounds per square inch. On the other hand, 
even should the sheathing not act at all the stress in the flanges would not be excessive. 


SHEATHING. 


The resistance of plates, supported at the edges, to forces normal to them is not 
well understood. No satisfactory theoretical analysis of their stresses has been made. 
The designer must rely upon empirical formule, derived from the results of experi- 
ment, to guide him in proportioning of sheathing plates. 

The most recent well conducted series of experiments from large test plates are 
those of Prof. C. Bach, of Stuttgart. 

From the results of these tests formule were derived which are probably the most 
reliable of any in use. 

No plates less than % inch thick were used and none more than 4 inch thick 
were required. The sheathing plates are proportioned by the flat plate formule, 
although they are in reality curved and thereby derive considerable additional 
strength from arch action. 


PIVOT. 


The pivots are-all of the same general design, although a difference is made in 
the shape of the castings in upper and lower gates on account of the difference in the 
sill contact. 


e 
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The bearing is bronze upon polished steel. This combination has a low coefficient 
of friction, especially when working in water. The bearing parts move very slowly 
one upon another, the maximum rate of speed being only 0-02 feet per second. 

A cast steel base embedded in the concrete floor of the locks holds the pivot proper, 
which is a steel forging hemispherical on top. 

Bolted to the gate is another casting which holds a bronze bushing or hollow 
hemispherical cup which fits the pivot. The pivot is proportioned to take both the 
weight of the gate and the horizontal thrust. 


UPPER HINGE. 


As the height of the gate increases, the weight increases in nearly the same ratio, 
but the pull upon the upper hinge does not differ greatly between the lightest and the 
heaviest gates designed. For this reason little change is made in the anchor bars, and 
none at all in the castings for the different gates. The anchorage consists of eye-bars 
extending back in the masonry to beams embedded in the concrete. Sufficient masonry 
is embraced to preclude any danger of movement. 

The angle between the anchor bars is slightly greater than that through which the 
gate swings, and they are so placed that both are always in tension, thus avoiding 
reversion of stress and the consequent danger of loosening and play of the parts. 

Provision is made for adjustment by means of wedge-shaped keys. 

The castings are of steel and proportioned for a very low unit stress. The anchor 
bars are also proportioned very liberally, to provide for any reduction of section 
which is likely to occur from rusting. 


SILL CONTACT. 


For the lower and intermediate gates the sill contact is made, by bolting to the 
flange of the lower horizontal frame a straight timber bearing piece which closes 
against a straight timber. sill. 

When the gates are closed a head of water equal to the difference of level of the 
two sides of the gate acts upon the bottom of the gate, tending to lift it. This lifting 
effort upon the lower gates is but slightly greater than the weight of the gates them- 
selves, so that the friction of the quoin posts in the hollow quoins will overcome all 
tendency to upward movement. The coefficient of friction required to do this is only 
about 2 per cent. 

On account of this upward pressure upon the bottom of the gate, numerous web 
stiffeners are placed upon the bottom frame, and its lower flange is strengthened by a 
plate extending to the flange of the frame above. 

If the upper and guard gates and gates between locks of a flight should expose 
so great a bottom area as this to maximum water pressure, the upward lift would be 
far in excess of the weight of the gate. To meet this difficulty the bottom frame of 
these gates is made very much narrower than the others and no timber-bearing piece 
is used. Instead, the heavy steel flange angle is finished and bears against the sill. 

The lower frame is attached to the one above at intervals by cast steel brackets. 

A eurved sill is required for these gates. 


FOOT-BRIDGE. 


For the convenience of the workmen and others a foot-bridge is provided upon the 
top of the gate. 

It has a railing which is removable and built in short sections, so that one man 
can handle a section. 
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ESTIMATES. 


In connection with the estimates, it is appropriate to review briefly the conditions 
which prevail in the structures. 

The gates are of steel with horizontal framing. The spaces between the frames 
are variable, being 3 feet 3 inches near the top and less than 2 feet near the bottom 
of the highest gates. 

The frames are straight on the down-stream side and curved on the other; their 
breadth is 4 feet in gates for 65 feet locks. They are proportioned under the assump- 
tion that the centre of pressure at the miter may have a range of position 8 inches 
each side of the centre of the bearing face. The maximum stress in the frames is 
10,000 pounds per square inch. The maximum stress in the sheathing is 15,000 
pounds per square inch. The minimum thickness of metal is 318 inches; the minimum 
angle used is 34 inches x 34 inches x g inch. Diameter of rivets § and # inch. 


Nore.—The extracts forming this appendix are from a report by Mr. S. H. 
Woodard, C.E., prepared for the U. S. Board of Engineers on Deep Waterways and 
published in 1900. These investigations regarding steel lock gates were commenced 
by Mr. Henry Goldmark, C.E., and completed by Mr. Woodard. 

Some of the details of gate pivots, hinges, etc., are shown on plates 32 and 33 
accompanying this report. 
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APPENDIX D. 


ELECTRICAL EQUIPMENT OF LOCKS. 


Orrawa, Ont., March 15, 1907. 


Mr. A. St. LAuRENT, 
Engineer in Charge, 
Georgian Bay Ship Canal, 
Ottawa, Ont. 


Dear Sir,—I have the honour to submit the following report in which I have gone 
into more extended explanation of the apparatus used than would ordinarily have 
obtained, had I not wished to make it particularly clear for the lay reader as well as 
for the technical reader. With this brief apology for its length, I may state, that, as 
directed by you, the work of preparing an estimate of the cost of electrical equipment 
for operating the locks, and the illumination of the locks, guide cribs and adjacent 
land lines for the Georgian Bay Ship Canal was begun January 8, 1907. 

The instructions, which were fully detailed to me by Mr. S. J. Chapleau, M. Am. 
Soec., C.E., engineer in charge of the Nipissing district, called for as estimate of cost of 
a complete equipment including power-plant, electric power machines for operating lock 
gates and hydraulic valves and an interlocking or safety device for their inter-con- 
nection to insure the continuous operation of each lock or flight of locks individually. 
The instructions further embraced the use of direct constant potential of five hundred - 
volts pressure, and embraced the further assumption that the maximum capacity of 
the canal would be reached at thirty-six lockages for twenty-four hours, as the con- 
trolling feature. 

A careful study was then made of the local conditions at the site of each lock or 

flight of locks in the Nipissing district, following which a series of estimates were 
made in each case taking into account the various possible situations fOr a power- 
plant, allowable fall, quantity of water available, &e., &e. 

The amount of power in units per hour was oie determined by a schedule 
of the power for one lockage in H. P. per minute, which was reduced to ampere 
hours in twenty-four hours. 

This schedule was arrived at by the calculation of the weights to be moved, or 
the pull to be exerted; the period of time during which such operation took place, and 
these in turn were compared with existing conditions and practice on other canals. 

A determination was then made of the most economical and at the same time 
most efficient general scheme for power-supply. Next, a study was made of the various 
methods best adapted for the manipulation or operation of the gates and valves of the 
lock. Following this, a study of the best method of operation and control of the light- - 
ing circuits. 

The lengths of the latter vary somewhat in each situation, but, as the variation 
is within $4,000 for the whole group, the method of averages, hereafter explained, was 
adopted. 

When the estimates were completed for all the locks of the Nipissing district, the" 
amounts of each part were summed up and an average struck to arrive at the round 
sum estimate for a single lock or for a flight of two locks tandem. 
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In this average, the single locks and flights were divided into the following parts. 
(a) The generation of power. 
(b) The electrical equipment for operating the lock. 


(ec) The electrical equipment for lighting the lock, its guide cribs and adjacent 
iand-line. 


(d) An estimate for an electrically driven outfit for unwatering the lock. 
(e) An estimate for the operating machines for gates and valves. 


A description of each of these parts follows :— 


(a) The general scheme (with a single exception) of generating power, was by 
use of the fall of water around the lock, utilizing hydraulic turbines driving electrical 
generators of small power, which, in turn charged a storage battery of sufficient capa- 
city to operate the lock at its maximum rate of thirty-six lockages in twenty-four hours, 
independently of the generating plant. 

The introduction of the storage battery has been the result of investigation of 
current practice and experience on the more recent installations of European canals. 

At Posen, Horin, Kliene-Machow, Mirowicz, Henrichenburg, Ymuiden and Mun- 
ster, electricity is used to drive the operating machinery, and the arrangement most 
favoured by the engineers, and which is in use and has demonstrated its practicability, 
is the introduction of storage batteries or electrical accumulators of sufficient capacity 
to operate the lock for twenty-four to seventy-two hours. The dynamos under this 
method, are then run but a few hours, sufficient to fully charge the accumulators and, 
in case of accident to either, the other factor is used until repairs can be made. 

This item embraces building and foundation, head-gates, screens, penstocks, tur- 
bine casings, draft tubes, over-head cranes, turbines, shafting, bearings, quills, genera- 
tors, switch board and station wiring. 


(b) The electrical equipment for operating the lock embraces the motors for the 
gates and valves, the interlocking devices for preventing accident due to curelessness 
or ignorance of the operators, the operating controllers, the switch boards in the 
operating cabins, the electrical storage batteries, the cabins, and all wires, cables, ete. 

The motors for operating the gates were assumed to be five H. P. each, 
manipulated from the cabin by single reversible controllers. 

This rating of five H. P. wasadopted after a study of the conditions exist- 
ing on other canals and hydraulic works. As example of the power of such a motor, 
at the Ontario Power Company’s plant at Niagara Falls, Ontario, the sluice gate of 
the Stoney pattern, 18 ft. x 18 ft. under a head of 35 feet on the sill, is raised to its 
full opening under this difference of head in three minutes with a five H. P. 
motor. On the Soulanges canal, lock gates of upward of 70 tons are operated by five 
H. P. motors. On the Cornwall canal five H. P. motors are used for the same purpose, 
and were used in preference to three H. P. motors only on account of their slower 
speed. ; 

On account of speed considerations, for uniformity of units and the negligible 
difference in cost, five H. P. motors are assumed for use on the gates and valves 
in this estimate. 

The interlocking arrangement is provided by means of circuit-closing devices 
at each valve and gate machine, so arranged and electrically connected with the 
operating equipment at the opposite end of the lock, that an attempt on the part of 
one operator to open the gates or valves, while those or either of them at the other 
end of the lock are opened, would be useless. Moreover, each operator has, at his 
station, an automatic device which notifies him when the gates and valves at the other 
end of the lock are fully closed. 

The interlocking outfit also embraces a device by means cf which, when a gate 
or valve has reached its full travel, the electric current actuating the driving motor 
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is automatically reversed and cut out for further movement in the same direction, 
thereby preventing jamming. Another factor prevents straining of the motor or of 
the parts of the machine, due to obstruction before the mechanism has reached its 
full travel. 

In a word, the object of the electrical device is to make the whole equipment 
‘fool proof.’ 

All wires and cables about the lock are designed to be conveyed in conduits of 
8-inch tile pipe, embedded below the surface back of the lock wall. The wires for 
interlocking circuits and cables for power cross the lock, through the valve conduits 
in lead encased cables or in lead pipe through which renewals may be made by means 
of ‘fishing.’ These pipes terminate below the coping in suitable junction boxes. 

The wires feeding the lamps on the lock are conveyed through these conduits and 
up inside the iron tubular poles from which the lamps are hung. This does away 
with the necessity for poles supporting wires between lamps or any other aerial wires 
about the lock. 

The type of storage battery or accumulator estimated for was the chloride cell. 
Of these, there should be about 280 cells to each battery, which allows for end-cell 
regulation to the extent of about thirty cells, or for a fall of potential of about 60 
volts. Reve 

The operating cabins are designed to be similar to what are known as ‘block 
towers, used on railways for interlocking and signalling plants. By this means the 
space in the lower story of one of the cabins may be used for the accumulators, while 
that of the other cabin may be used for store-room or a tool-room. The operator 
being in the second story, has, by means of ample window spacing, an unobstructed 
view over the whole lock and is sufficiently elevated to overlook a vessel in the lock at 
the upper level. His position at the controlling levers is so situated that he has a 
clear view of the full space of each gate, when approaching miter, and can witness and 
manipulate the complete and careful mitering. 


(c) The electrical equipment for lighting is one to which much study might be 
given. In the case at hand, that method which was most simple and at once most 
economical was adopted. This is a constant potential system, using the Magnetite 
are lamp in circuits of six in series, across the 550 volt circuit. This lamp was adopted 
owing to its high efficiency and illuminating power and the long life of its electrodes 
or ‘carbons. Of the renewable one, it has a life of from 140 to 160 hours, while the 
permanent one has a life of upwards of 2,000 hours. By this we may see that ‘ trimm- 
ing’ would be necessary but twice a month as regards the renewable carbon, while 
the permanent carbon should be good for a season of navigation. This, it will be 
noticed, is an important item in maintenance. These lamps require four amperes 
at 80 volts, or, approximately, -43 H.P. at the lamp, or, say, 4H.P. at the switch-board. 
When arranged in series of six lamps, they require 480 volts per circuit, which on a 
550 volt line, gives an ample allowance for drop or line-loss. 

The lighting outside the limits of the lock is accomplished by suspending the 
lamps from cross-arms on wooden poles, set in the cribs or canal bank at approxim- 
ately 400 feet apart. This spacing of lamps was arrived at by the determination of 
the direction of greatest field of illumination from inclosed are lamps, and by the 
same process, the height of 30 feet was found to give the greatest distribution of light. 
At this height the wires are to be run and supported by poles at 100 feet spacing, 
owing to the lesser opportunity for erounding upon small trees, &c., and also to give 
greater support to the wires when loaded with sleet, snow, &c. 

Provision may be made for protecting the line against theft during periods when 
not in use by the introduction of relay and circuit detectors, in such manner that any 
tampering with the wires will result in an immediate alarm being given to the nearest 
watchman’s quarters. 
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The estimates for this item embrace the necessary number of lamps, poles, cross- 
arms, braces, insulators, lightning arresters and wires for feeder circuits. 


(d) The matter of unwatering or bailing the lock was gone into, with the result 
that an equipment of two units of electrically driven centrifugal pumps were esti- 
mated for. Two units were provided in order to obviate, as far as possible, the results 
of a break-down of pumping machinery, thereby preventing unwatering. 

Centrifugal pumps were adopted in preference to reciprocating pumps on account 
of their higher efficiency. This item embraces the necessary switch connections, 
starting box, motor and pump set, and all wires and regulating devices necessary. 


(e) The machinery was estimated from the weights of parts based upon an 
assumed price per pound for each class of material. The machines were designed by 
the writer and an endeavour was made to combine simplicity, strength and com- 
pactness. It was assumed that these machines would be placed behind the lock walls 
beneath the coping for the operation of the gates and valves of single locks and, in 
the case of valves for the flights, the operating machinery is let into the recess beneath 
the coping over the valve wall. 

In this single instance referred to (a) page 443, in which hydraulic turbines were 
not used, i.e., at North Bay, in the line from Trout lake to Lake Nipissing, called 
Trout Lake lock, a suction gas producer and gas engine plant were estimated to drive 
the electrical generators. This plant was designed with a capacity to operate the lock, 
operate one drawbridge and light three miles of canal, and is consequently somewhat 
more expensive of installation. 


This suction gas producer plant was adopted in preference to a steam driven 
plant on account of the following advantages: 


No smoke, 

No chimney, 

Less space required and less housing, 
Less labour required, 

No skilled labour required, 

No danger from explosions, 

Greater economy of fuel. 


Of the latter, tests have shown that with the best equipped simple expansion 
steam engine, the expenditure for fuel is eight pounds of bituminous coal per brake 
H. P. hour while the suction gas producer shows one pound of anthracite coal per brake 
H. P. per hour. In point of cost this represents a ratio (using bituminous coal at $3 
per ton or anthracite coal at $7 per ton) of 35 to 120. 


On a basis of 75 H. P. hours of power required for gates and valves at a single 
lock of 86 lockages, 25 H. P. hours of power required to make 72 operations of the 
drawbridge and 250 H. P. hours of power required for 40 are lamps burning 12 hours, 
and 50 H. P. hours for losses between the engines and the lamps and motors, there 
would be required 400 H. P. hours per day. This amount produced at the rate of eight 
pounds of bituminous coal per brake H. P. hour would be 3,200 pounds per day or 
342.4 tons in 214 days as a season of navigation. At $3 per ton, this would cost $1,027 
per season. The same amount of power, i.e., 400 H.P. hours, at the rate of one pound 
of anthracite coal per brake H. P. hour, would be 400 pounds per day or 44-8 tons in 
214 days. At $7 per ton, this would amount to $314, showing a saving per annum 
for fuel of $714. 


All operating plants were so designed as to be duplex in every feature, and so 
arranged as to allow of four combinations for operation in case of a break-down of one 
of their parts. 
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Following is a summary of the estimates :— 


Factor. Single locks. Flights. 
Powerplant scies sane cd ube Gh Shahan teee $ 7,500 
Electric power equipment.. .. .. -- +--+ -: 5,000 9,000 
Electric light equipment.. .. .. -- ++ ++ +e 2,000 2,500 
Bailing coutfite.a 2. sin-hyeeoee tat. te 2,000 2,000 
Machinery and valves.. .. -- -- ++ ++ +: 11,000 25,000 

$27,500 $46,000 


It will be noted here that the above includes not only the appliances for the gen- 
eration of power, for the manipulation of gates and valves, for lighting the locks and 
their guide cribs, and from 1,000 to 3,000 feet of land-line at each, for bailing or un- 
watering the lock, for two buildings or operating cabins at each single lock or three 
at each flight of two locks, but also for the gate arms, valve rods, valves and their 
individual machinery, which were estimated for by the district staff. 

Excluding, for purposes of comparison, the items of electrical interlocking, elec- 
tric lighting and bailing, our estimate becomes :— 


Factor. Single locks. Flights. 
Power plantas ashe cues eek dnwe ab tetera $ 7,500 
Operating equipment.) 4 tc womenre sikae oor 4-000 8,000 
MACHINERY. Gres ule de hha: liege deuelnameccgre ttn e 11,000 25,000 

$22,500 $30,500 


To arrive at an estimate of the cost of electrical equipment for the locks of the 
Montreal district, and owing to the fact that electrical equipment was not decided 
upon until the work had been practically completed for the Nipissing district, the 
writer was called upon by Mr. Coutlee, the district engineer of the Montreal and 
Ottawa district, for an approximate estimate, based upon the findings in the study of 
locks in the Nipissing district; the results in the foregoing summary may apply safely 
for locks between Montreal and the Des Joachims rapids of the Ottawa river. 

No designs were made for operating machines for the type of filling valves to be 
used on the locks of the Montreal district nor for their pumping outfits, consequently 
these should be balanced with the similar parts estimated for use with the locks of 
the Nipissing district in order to arrive at the totals to be used for the complete 
estimate for the locks in that district. 


Accompanying this report are the following drawings :— 

A tracing of the outline of coping of a flight of locks, showing the general scheme 
of interlocking circuits. 

A tracing of the outline of coping of a single lock, showing the general scheme 
of interlocking circuits. 

A tracing showing sketch of diagram of circuits from generators to motors and 
lamps. 

A tracing showing sketch of assembly of switch board at lock. 

A tracing showing sketch of diagram of connections for switch board at lock. 

A tracing showing sketch of assembly of controllers for one operating cabin. 

A detail drawing of machine for operating each gate arm. 

A detail drawing of machine for operating ‘ butterfly’ valves with lifting stem. 

A detail drawing of machine for operating control valves of ‘Cluett’ automatic 
valve. 

A detail sketch of alternative design of machine for operating gate arm. 

A detail sketch of alternative design of machine for operating ‘ Cluett > automatic 
valve. 


a % 
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A pencil sketch on detail paper of lay-out of two-unit suction gas producer and 
engine plant. 


Referring to the sketch of the diagram of circuits, the generators as shown may 
be used singly or in parallel and, for this purpose, a separate panel is set up in the 
switch board at the power plant for each generator with balancing buss-bar running 
across the back of both panels (not shown in the design). Each generator panel is 
equipped with ammeter, volt meter, rheostat and main switch. From the generator 
panels the power circuits are led to the feeder panels. 

The feeder panel is equipped with circuit breaker, feeder type ammeter, volt meter, 
main switch, lightning arrester and a recording watt-meter. 

From the feeder panel the power circuit is conducted to the incoming line panel 
at one of the cabins at the lock. A full description of each panel of the switch boards 
at the lock cabins is given later. 

From the incoming line panel the power circuit may be divided, one path going 
to the lighting panels from which the power is distributed into the lighting circuits. 
The other path leads to the storage battery panel. 

From the storage battery panel the power for operating the gates and valves is 
led to the interlocking panel where it is controlled automatically by the interlocking 
arrangement of the circuits in connection with the interlocking circuit closing device. 

From the interlocking panel the power circuit is led to the distributing panel, 
where it may be switched into any or all the circuits leading to the controllers govern- 
ing the motors operating the gates and valves. 

The operating cabin to which the power is conducted from the power plant con- 
tains all of the panels shown on the sketch of assembly of switch-board with as many 
lighting panels as may be necessary, and also the storage battery panel. The remain- 
ing cabin of a single lock, or two remaining cabins of a flight of two locks, contain 
only the interlocking panel, distributing panel and necessary lighting panel. 

Referring to the sketch of assembly of switch-board, all instruments on all panels 
are designed to be back-connected. The panel ‘A?’ is designed for incoming line 
panel. It is equipped with double pole carbon break circuit breaker with slate barrier 
between poles, ammeter, volt meter, volt meter switch (in order that the voltage of 
either circuit may be measured at any time), two double pole single-throw switches 
(one leading to the charging side of the storage battery switch and the other leading 
to the buss-bars of the lighting panels). The panel ‘B’ is designed for the storage 
battery panel. The power is received from the leads from switch on incoming line 
panel ‘A’ through a reverse current circuit breaker. This device prevents the 
battery from being discharged through the circuit leading back toward the power 
plant, by reason of grounds or slackening of speed or failing power of generator, as 
the slight reversal of current will cause the releasing mechanism ,o operate the 
reverse current circuit breaker thereby cutting out this circuit. From this circuit 
breaker the current passes to the double-pole double-throw switch terminals and through 
these to the battery connections. The battery cells are so arranged that when fully 
charged only that number required to give the normal voltage will be in series, but 
as the power is discharged, additional cells may be cut in by means of the end-cell 
regulator to give normal voltage. In charging the battery all the cells are put in 
series and with the power from the power plant at 550 volts, normal charge, we have 
a range of 50 volts for end-cell regulation. Switching in additional cells may be done 
by hand, but is best done by the automatic end-cell regulator which acts on the field 
coils of a small motor mounted on the back of the switch board having a shaft with 
an extension worm-screw and traveller carrying a contact finger which closes the 
circuit over the contact buttons of the end-cell switch. 

In discharging the storage battery the double pole double-throw switch is set in 
the discharging position and the current then passes through an over-load circuit 
breaker on one leg of the cireuit and an under-load circuit breaker on the other leg 
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of the circuit. The function of the over-load circuit breaker is, as its name signifies, 
to break the circuit, and thus protect the battery in case of accident, which would 
form a path for heavy discharge. The function of the under-load circuit breaker is 
to protect the battery in case of a failure on the part of the operator (if regulated by 
hand), to switch in additional cells when the voltage goes below the minimum allow- 
able discharge rate, i.e., 1-8 volt per cell in the series; or if the automatic regulator 
should fail to work under similar conditions. 

It may here be noted that, by the use of an additional switch, not shown oh the 
sketch, and which may be located on the back of the panel, the power could be taken 
direct from the line or incoming line panel and passed to the interlocking panel, 
thereby doing away with the storage battery in case of accident. If this method was 
adopted a rheostat, or resistance box, should also be mounted on the panel to cut in 
sufficient resistance to bring the main line voltage of 550 down to that for which the 
several circuit breakers are wound, i.e., 500 volts. 

On the storage battery panel is also shown two ammeters, a volt meter, a volt 
meter switch and a regulator switch. One ammeter is intended to float in the battery 
circuit showing the current in storage at all times, the other ammeter is to be of the 
feeder type and connected in the charging side of the governing switch, which shows 
the strength of current when charging. By means of the volt meter switch and the 
volt meter, the voltage in the circuit at any stage may be indicated, and by means of 
the regulator switch the regulator may be set for automatic (or hand) regulation, or 
may be cut out altogether. 

Under ordinary circumstances, the regulator should be set for the full compliment 
of cells before throwing switch into the charging contacts. This operation may, at 
some later date, be arranged to take place automatically, but such a device, without 
the use of a ‘ booster,’ has not been included in the plans here given. 

From the storage battery panel, when discharging, the current goes to the inter- 
locking panel ‘D, where it is controlled by a carbon-break circuit breaker of a pecu- 
liar type, in this case called a ‘circuit closer.’ This device is so arranged that by use 
of a shunt or auxiliary circuit carrying a small current and having to pass successively 
through several contact points at the other end of the lock, is made to actuate a 
plunger in a magnet coil, which plunger carries a pair of carbon break 
contact tongues. When all gates and valves are fully closed at one end of the 
lock, this shunt circuit has an uninterrupted path to the interlocking panel at the 
other end and causes the circuit-closer at that end to close, thereby completing the 
power circuit from the storage battery panel to the distributing panel. This inter- 
locking panel is, in the case of a single lock, equipped with one of these circuit-closers, 
two pilot lamps and a double-pole single-throw switch. At the middle cabin of a flight 
of two locks the panel would be equipped with two circuit-closers, each controlled 
by a shunt cireuit from the respective ends of the flight of locks. 

The movement of the circuit-closer actuates a small switch which controls the 
pilot lamp in such manner that when open it shows a red light at ‘ P2,’ while if closed, 
it shows a white light at ‘ P1.’ 

The distributing panel ‘C’ is equipped with two pair of buss-bars to which the 
power is conveyed from the interlocking panel. From the buss-bars the power is dis- 
tributed by a number of double-pole single-throw switches equal to the number ot 
motors to be controlled from that cabin. Each distributing panel has, in addition 
to the switches last named, a volt meter, a volt meter switch, one indicator lamp for 
each circuit and an ammeter. The ammeter is of the feeder type and shows the total 
current being used at all times. By means of the six-point volt meter switch, the 
voltage in any circuit may be indicated at any time. The indicator lamps show, when 
lighted, that the machine to which it is connected has completed its full travel and has 
closed the interlocking circuit governing the power circuit at the other end of the 
lock. Should one of these lamps remain unlighted when an operation of closing gates 
and valves has been made, it will show which factor is at fault or not fully closed. 
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The lighting panels ‘E’ (but one of which is shown on the sketch) are the con- 
trolling points for the lighting circuits. Under ordinary circumstances, as, for 
instance, where only the lock structure and its adjacent guide cribs are to be lighted, 
one panel at each end cabin would suffice; but if any great distance along the canal 
line is to be lighted, additional panels should be installed for the extra circuits 
required. 

Each lighting panel should have an over-load circuit breaker with no voltage 
release so that the line may be protected against damage due to short circuit and also 
against injury due to interruption of potential from any other cause. 

From the distributing panel of the switch-board, power is conducted to the con- 
trollers; a sketch of an assembly of six is shown on one of the drawings. These con- 
trollers are of the single-lever reversing type, and a cover of one is represented as 
removed, in order to show the switching contacts. A detailed description of this type 
of controller will not be given here, as they are a standard pattern, well known to the 
trade, and not requiring any special pattern for manufacturing. 


From the controllers the power is conducted as previously described, to the motors 
at their respective machines, where, as shown on the sketches of operating machines, 
a governing switch mechanism is mounted, which completes the functions of inter- 
locking and control. 

Briefly, this is accomplished by placing on the standard of the machine a panel 
holding various switches and contacts. Motion is given, by means of gearing, to a 
worm screw carrying a traveller which trips a quick break, single pole, single throw 
switch, reversing the current at the instant the valve or gate is fully opened or fully 
closed. At the same moment a second switch is thrown into or out of contact which 
controls the indicating circuit to its corresponding lamp on the distributing panel. 
Another contact is made when the machine has completed its full closing travel (and 
which contact is broken immediately the machine is started in the opposite direction), 
which closes the interlocking circuit contacts controlling power at the opposite end of 
the lock. 

Designs were not made for the machines to operate the large sluice gates sug- 
gested for use in the locks of the Montreal district, where side filling was to be intro- 
duced, owing to the fact that details of this method had not been fully decided upon. 
No study or comparison was made, owing to lack of time at my disposal, with any 
other systems of power transmission, as, for instance, installations at locks with 
direct constant potential of less than 500 volts or with an alternating current trans- 
mission and induction motors. 

The writer believes that the subject should receive this study and a comparative 
estimate made of the cost of installation and operation, not only with direct constant 
potential at 500 volts but at other voltages with and without storage batteries, and 
with alternating current installation and the use of induction motors. 


A more extended study of the subject of lighting with direct constant current 
system of transmission was made, but for the fact that there are few cases where long 
lines of distribution for the purposes of lighting are required, and that the small 
power plants may have two interchangeable units for lighting or power, or which may 
be coupled in parallel, it was decided to use direct constant potential system for the 
entire equipment and use direct current arc lamps in series. 


Many of the little details of design about a lock equipment were, in this prelimi- 
nary estimate, not gone into; such as heating and lighting the operating cabin, sig- 
nalling by visual and audible means, setting and control of pumping outfits, capstans 
or winches for aid to vessels or use in heavy repairs, &c., &e. 


Telephones should, of course, be a part of the equipment in order that the oper- 
ators at either end of the lock and at the power plant, may at all times be in instan- 
taneous communication with each other. 

19a—29 
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I shall be glad to supply any additional information in regard to the sketches 
accompanying this report, and to go into a study of comparative methods, &e., or to 
prepare complete working drawings upon which tenders may be received. 

Thanking you for the uniform courtesy and untiring efforts on the part of your- 


self and the attachés of your office, to make my work with you pleasant and agreeable, 
I have the honour to be, sir, 


Your obedient servant, 


GEORGE F. CHISM, 
Electrical Engineer. 


Nore.—Refer to plates 22, 22a, 22b, 22c, 229d, 22e. 
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APPENDIX E. . 


CONCRETE LOCK WALLS—DIMENSIONS, STABILITY, ETC. 
Compiled by Arthur Surveyer, C.K. 


The lock walls are of two different types supporting various pressures. 
1. The chamber walls. 
2. The upper and lower abutment walls. 


The locks in all cases are built up on solid rock, and as the contract between the 
base of wall and the surface of rock is considered perfect, no film of water can pene- 
trate underneath and consequently there will be no loss of weight by upward pressure. 


CHAMBER WALLS. 


As the natural rock forms the lower portion of the lock chamber, and the wall is 
built on top of it, we have only to consider the height from the rock surface to the 
coping of the wall. The minimum width of coping is 12’ as no great expense is in- 
curred and a much increased mass is presented to the bumps of the boats. 


The thrusts acting upon the wall are :-— 


1. The thrust tending to overturn the wall: there are 3 cases to be considered :-— 
(a) Chamber full, and no lock pressure from filling or from water in rear of 
wall. 
(b) Chamber empty and pressure of filling in rear of wall. 
(c) Chamber empty and pressure of water in rear of wall. 


9. The thrust tending to slide the wall upon its base. 


3. The crushing at the toe of wall in resisting overturning. 


19a—293- ! | gs . 
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CALCULATIONS FOR LOCK CHAMBER WALLS. 


1.—Stability Against Overturning. 


(a) Chamber filled and no back pressure’ from filling or from water in the rear 
of wall. (See fig. 1.) 

Concrete : = 125 lbs. per cubic foot. 

Area of wall=1,500 sq. feet. 

Weight of wall =1,500 x 125 lbs. = 187,500 Ibs. = W 

Water pressure = 60 x 6% x 62.5 =112,500 Ibs. =P 


Fig. | 
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(4) Chamber empty and pressure of filling in rear of wall. (See fig. 2.) 


Concrete = 125 lbs. per cubic foot. 
Earth = 100 lbs. per cubic foot. 
Area =1,500 sq. feet. 
Weight = 1,500 x 125 Ibs. = 187,500 lbs. = W 
cee 1,680 sq. feet. 
Total weight of triangle = 168,000 lbs. =P 
The pressure T of the earth, if the earth is assumed as level with the coping and 
without friction on the back of the wall, is 
see X82 _ 39 600 Ibs. 


Area of triangle 


higuc 


TET SOC TOS ee 


Larth ting 
| 
| 
& 


Ww? 
» 
\\ 
\ 
BS. 
oO. 
>. 
S 
SA 
Ss 
oye 
Pe a ea. at See ers, LA ae 


LS 
a“ 
“ 
5 
a i al cli a 
Chamber Wall 
3:0 
Factor of safety = see a = 3.4 


89,600 x 8.2 
Tf we had taken into consideration the effect of the friction of the earth on back 
of wall, the factor of safety would have been much larger. 
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(c) Chamber empty and pressure of water in rear of wall. (See fig. 3.) 


Area =1,500 sq. feet. 
Weight = 1,500 x 125 = 187,500 Ibs. = W 
Water pressure = 65 x ®% x 62.5 = 121,875 say 122,000 lbs.=P 
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Chamber Wall 


| 187,500 x 13.5 
Factor of safety = ie Ba, ees ay 


It will be seen by the above diagrams that case (a), fig. 1, is the most dangerous 
so all walls have been calculated to resist with no backing, the water pressure from 
inside the chamber. 


2—Stability Against Sliding. 


In order that the wall may not slide it is necessary that the product found by 
multiplying the co-efficient of friction by the sum of the weight of the wall and the 
vertical pressure of the water or of the earth shall be greater than the horizontal pres- 
sure of the water or of the filling. 

Let us consider our most dangerous case (see fig. 1). 

We have, if we adopt 0-7 as co-efficient of friction, 

0-7 x 187,500 Ibs. = 131,250 Ibs. > water pressure = 112,500 lbs. 
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3.—Stability Against Crushing. 


There is always a danger of the toe of the wall crumbling whilst resisting against 
the overturning moment. 


This crushing strain can be calculated by the following formula :— 
a Weight - 6x Weight x centre of base to Resultant 
a Base ae Base * 
If we apply this formula to the wall in fig. 3, we have 
187,500 6 x 187,500 x 11.5 =15,191 lbs. = 7.6 tons 
36 x 36 x 36 per sq. foot. 
Trautwine gives from 12 to 18 tons per square foot as the crushing load of 
ordinary concrete one month old, so we are on the safe side. 


Max. pressure at toe=P= 


ABUTMENT WALLS. 
Hydrostatic Pressure transmitted by Lock Gates to Abutment Walls. 
Area of gate =length of leaf x height = A Bi 


ee x 62.5 Ibs. 


Mean hydrostatic pressure = 
Total pressure on leaf=area of gate x mean pressure = Q 
H 
QO=HxABx es x 62.5 lbs. (See fig. 4.) 


This pressure is applied in the centre of the gate leaf and at one-third of the 
height above the recess floor. 

The water pressure is transmitted to the hollow quoin by the heel post and can be 
thus calculated. 


Abutment Wall 


Let us calculate the reaction T’ at the heel post :-— 

Tf we call a the angle of the gate with the normal to the face of the wall (in our 
ease 21° 48’) and A B the total length of the gate leaf (in our case 38’) we have, by 
moments ahout B 
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AB : 
Q x 5 =I’ x AB sina 
das Q = Reaction 
2 sina 
T’, reaction = T, resultant thrust = Q 
2 sina 


It will thus be seen that the resultant thrust T from the water pressure Q on the 
gate will be applied at the centre of heel post at an angle 2a from the normal to the 


face of the wall. 
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Maximum Pressures on Abutment Walls. 


Let us consider a monolith of concrete A B C D (40’ long in the case of the upper 
abutment and 50’ long in the case of the lower abutment) and suppose that the lower 
pool is drawn out and the upper pool on the point of overflowing. 

We have as before 


O= H3cAcB x a x 62.5 
Q 


2 sin a 

By decomposing T we obtain a longitudinal component V which acts parallel to 
the face of the wall and a normal component S tending to overturn the wall. 

We have S=T cos 2a 

But this block of concrete will also have to resist the effect of the water pressure 
on half the area of the gate recess. 


Cho x a x = x 62.5 

Thus the monolith A B C D will have to be calculated to resist the thrust of 
S + Q’= total pressure = P. 

It will be seen that in the upper abutment walls, the height of gate H is the same 
for all the locks whilst in the lower abutment walls H varies with each lock according 
to the difference of level between the lower and upper pools. So that the following 
discussion can be applied indifferently to the upper or lower abutment walls. 


4 bess 


DIMENSIONS OF ABUTMENT WALLS. 
As with the chamber walls the abutment walls rest on solid rock and we have 
three cases according to the elevation of rock. 
(1.) The rock surface level with recess floor. 
(2.) The rock surface below recess floor. 
(3.).The rock surface above recess floor. 


(1.) The rock surface level with the recess floor. 
Let us calculate an upper abutment wall. 
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Pressure on wall transmitted from gate— 
_ Area of gate=38 (5+22+3) =38 x 30=1,140 sq. feet. 
Mean water pressure = 2% x 62.5 = 987.5 Ibs. 
Total pressure on gate = Q =1,068,750 lbs. 


But we have T = Dey ie and S=T cos 2a 
2 sina 
g - Q age 2a 
2 sing 
Q x 0.724 
OY eA HERO | lbs. .975 = 1,042,031 lbs. 
S 3x0 371 1,068,750 lbs. x 0.975 


Pressure on recess wall— 

Area of gate recess = 40 x 30 =1,200 sq. feet. 

Half area = 1905 = 600 sq. feet. 

Mean water pressure = 2% x 62.5 = 937.5 Ibs. 

Total pressure on half gate recess Q’=937.5 x 600=562,500 Ibs. 

Total pressure on block of concrete A B C D ( see fig. 5) 40’ long, equals 

P=S8+ Q=1,042,031 + 562,500 = 1,604,531 Ibs. 

The forces acting on the monolith considered are P the total pressure and W the 

weight of the concrete block. 
_ We have taken 20’ as minimum width for the copings of both the upper and lower 

abutment walls. 


; 5 it 
Area of wall= ( 30x 25- ae 


= (750 — 12.5) = 738 sq. feet. 


Total volume of concrete block = (738 x 40) — gate recess void 

Gate recess void = 2,820 cubic feet. - 

Total volume of wall = (29,520 — 2,820) =26,700 cubic feet. 

Total weight of wall =26,700 cubic ft. x 125 lbs. = W = 3,337,500 Ibs. 


Fig.8 
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(2.) The rock surface below recess floor. 


In this case we would build up to the recess floor level by filling in with stones 
between 2 walls and covering up with a solid concrete floor. These side walls would 
be calculated to withstand without any backing the pressure of the filling in the 
chamber and would have a minimum width equal to the base of the upper wall. We 


could then eonsider that we were building on rock and take as the upper wall the 
above calculated wall. 


(3.) The rock surface above the recess floor. 


Let us calculate a lower abutment wall, suppose that the difference of level between 
the lower and upper pools is 30’ and the height of rock above the floor recess is 30’. 


Fig.9 
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| ower Abutment Wall 


Pressure on the gate— 


The height of gate becomes (3 + 22 +30 + 5) = 60’ 

Area of gate =38 x 60 = 2,280 sq. feet. 

Mean water pressure = °% x 62.5 =1,875 Ibs. 

Total pressure on gate=Q=1,875 lbs. x 2,280 = 4,275,000 lbs. 
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But we have T= 3 and S=T cos 2a 


sin a 
cos 2 
S = Q i o a =9,° 48’ 
2 sing 
Q x 0.724 
S= Re Ee eee oe be a x 
OxOB7L 7 1275,000 x 0.975 = 4,168,125 Ibs. 


This pressure is applied 20’ above recess floor. 


It will be seen that as the rock surface is 30’ above the recess floor, we will, after 
putting a concrete facing inside the chamber (10’ wide and 80’), have to calculate a 
wall 80’ high. This wall will have to stand the full hydrostatic pressure Q’ applied 10’ 
above its base and at the same point a proportion S’ of the pressure S transmitted from 
the gate by the heel post. S is applied 20’ above recess floor, and if we suppose that 


the post acts as a girder the pressure at the coping will be and at the recess floor “iN 


vU. 


Given this we can calculate S’ the fraction of S applied 40’ above recess floor. 


Taking the moments about the point of application of S we have 


een =e es x 40 


2 
Sete ds 

3 
ee om Orla gs 2,778,750 Ibs. 


3 


Water pressure on gate recess wall— 

Half area of gate recess = 20 x 30 = 600 sq. feet. 

Mean water pressure = 3% x 62.5 = 937.5 lbs. 

Water pressure Q’ = 937.5 x 600 = 562,500 Ibs. 

Then the total pressure P’ applied 40’ above recess floor will be 

P’=8’ + Q’ = 2,778,750 lbs. + 562,500 lbs. = 3,341,250 Ibs. 

The thrust P’ will be applied to the block of concrete A B C D (see fig. 6) 50’ long. 

D xO 


Area of wall =( 20 x 80 + +5 x 2542.5 x15 ) = 775 sq. ft. (See fig. 10) 


Total volume of concrete block = (775 x 50) — gate recess void 
Gate recess void = 2,820 cubic feet 

Total volume of wall = (38,750 — 2,820) = 85,930 cubic feet 
Total weight of wall=35,930 cubic feet x 125 lbs. = 4,491,250 lbs. 
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Lower Abutment Wall 
Section thro gate recess 
4,491,250 x 14.5 


. rete = les, 
Factor of safety 3,341,250 x 10.0 
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APPENDIX 


GEORGIAN BAY 


EstTiMATE OF MATERIAL IN Lock Gares, 


Lock Dimensions :—Length, 650 feet; 


Compiled by A. J. Marueson, 


W==[(-000533 D-+-0276 b2-+(—-064 D—1-876) 'b-4+1-93 D+51-75] He+[(-06 
? be+ (—315 -89 D-+5658-6) 


W=—Weight in lbs. of steel in 


one leaf of single skin mitering gate; 


1 
2 
3 
4 


on 


ona N D 


Location. 


ster Annen ss neste itn one 
Pointe Fortune... 

iawkesburve: : 0. Gees 
ELA YNGd seule ees See 


Chengusxiir nt cess Ot koe 
Rocher Fendu No. 1........ 
Rocher Fendu No. 2........ 
Paquettescey tr. sete eee 
Des: Joachims...0505 ¢ 65h 


*Rocher Capitaine.......... 


Deux Rivieres........ ...46 


Mattawal> one .2= ee ee 


ies Ei pines eke ee 


NNENNENNENNE NN NEN NNNNNN NNN NYNNNNNNNNNNNNNND 


= 


WEIGHT oF GATE Com- 
PLETE (Two Leaves). 


= 
© 2 * 
> o yt 
o 
oe a & 
Se ¢ 4 & 
ER eee othe ease , 
Number of Gates. e $3 £ z P Bi 
io) S-| Oo = ae a 
gi} O38) se o 2 
Spee Ca Se o o S 
eee ie Pear Si 
SR! oo es) 2 © =a 
OA) 80) °F S = o= 
Seas mo | & oO N 
LOWerit cs eee ae — 4 22) 60] 38/530390/ 17900 
aippers.s be epee +30) 0] 26) 26/215600| 15800! 
WOWEr cies oe ce 30} 22) 44! 22'347950] 15800 
Wipper.s te. fee 44 0} 30} 30/251480] 15800 
LOWELL Gy See eee 44, 22) 34! 12/258320] 15800 
WP PEEin made wee ee eee 53 0} 26) 26)215600] 15800 
TG Wer Shh seal a ote is 53); 22| 66) 44,611180! 17900 
Wippers2) ode 93 O| 26; 26'215600! 15800 
Mowers. ae een 93) 22) 51] 291421860) 15800 
Upperaice one eee 113} 0] 31] 311260920) 15800 
LOW.e Rech hae ee 118) 22! 54, 321456340! 15800 
Upper pat ase ee 146] 0} 26) 26/215600! 15800 
ieee ak AVE alt 146] 221 53] 31/444660| 15800 
Uippert®. ce Ora 173| 0] 26] 26/215600' 15800 
HlOW.Er teen eee 173! 22; 76| 54/760850| 17900 
Upper... sea 223) 0) 26) 261215600] 15800 
GOW er. ere eee b ere 223; 22, 61} 39!543380] 17900 
Wipper. Ws fees coe 258 O; 26) 26/215600, 15800 
LOWED 4.0 eee eee 258; 22) 61] 391543380] 17900 
Upper i:i.eheai eae 293 0; 26) 26/215600] 15800 
TOWEL ane nee 293} 22) 61] 39)/543380] 17900 
Upper kws ee 328 0, 26} 26/215600! 15800 
LOWE ee eee 328/ 22, 46] 24/368120! 15800 
ip perc eee eee 348 O} 26) 26)215600]} 15800!) 
LGWer eon geese 348]; 22) 66! 44611180, 17900 
Wppers2, seer eee 388 0} 26! 26 215600! 15800 
Lower guard......... 388) O26 26 215600| 15800 
Mowers oe aos ere 888i- 22 56 34 480280! 15800 
Intermediate..... 418° 0; 56) 56557160; 17900 
ipper ae eee 448) O| 26} 26215600 15800 
Lower guard......... 448) 0} 26} 26215600) 15800 
ower crita.. 1 eg ae 448° 22) 56] 34 480280! 15800 
Uppers... sae ree 478 0} 26! 26 215600) 15800 
Lower guard......... 478) 0; 26) 26 215600; 15800 
ower io Spire ee eres 478, 22) 36] 14 274740; 15800 
Upperist. oe oe 488 OF 426 26)215600| 15800 
Lower guard......... 488 QO 26) 26/215600) 15800 
DOW ERT. Sat tetas wae 488] 22, 56] 34/480280) 15800 
Uppertt vie a eee 518 O 26} 26/215600! 15800 
Lower guard......... 518} 0 26! 26!215600, 15800 
Lower iri. seen cee 518) 22 43) 211338140) 15800 
Uppers. duke eee 535| 0 26) 26'215600. 15800 


Bronze Bushings, 


© | 
ae 
o 


_ 700 5200 


Beams, in lbs. 


in lbs. 
Anchor Bars and 


| 
| 


5200) 2600 
7005200] 2200 
5200) 2200 
5200] 2200 
|5200| 2200 
5200] 2200 
900 5200/2600 
700 5200/2200 
700 5200} 2200 
700 5200] 2200 
700520012200 
700 5200/2200 
700 5200] 2200 
700 5200} 2200 
900! 5200/2600 
700 5200/2200 
900 5200) 2600 
700 5200] 2200 
900 5200/2600 
700 5200] 2200 
900 5200,2600 
700 5200/2200 
2200 
2200 
2600 
2200 
2200 


Ssso 
S555 


700 5200 
900/5200 
7005200 
700|5200 
700|5200|2200 
$00) 5200 2600 
700) 5200|2200 
700) 5200|2200 
700|5200/2200 
700/5200|2200 
700|5200|2200 
700/5200|2200 
700}5200/2200 
700/5200|2200 
700]5200) 2200 
700|5200 2200 
700|5200 2200 
700/ 5200/2200 
700/5200'2200 
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F. 

SHIP CANAL SURVEY. 
DERIVED FROM GOLDMARK’S FORMULAE. 
Width, 65 feet; Depth on sill, 22 feet. 


Can. Soc. C. E.—November 9, 1907. 


D-+-557) b?-+ (10-022 D—97-16) b—352-44 D+45848-3] H+[(2-296 D—33.215) 


b+13577 D—200 100 | 


—breadth of Lock in feet; 


D—Depth on sill; H—Extreme head in feet. 
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ToraL FoR Two SETS OF GATES. Tora, For Lock. Remarks. 
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S 
oe 5 Weicut oF GatTr Com- 
3 * 3 PLETE (Two Leaves). 
ee = : q s (3 
— nN act i) —_ tot) q vA 
: = Sele im 2 a q Sa) Ta 
Location. Number of Gates. Ad Sel eile as e a al ae 
6 ae & is es =| 5 a6 a5 
a.) Bel os ¢ | & | 1aal oe 
Saige) 2k s 2 5 vi} 5g} Ay 80 
S425 312) 2 | oe) 84) 281 53 
Sal gOl-3 | 4 |: 8 | S258) em) ge 
Shea Sala hanes a {a | 4 |o 
| | 
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vie DOWEL a enh ree 602; 22) 50) 28/410740| 15800] 700)5200)2200 
I eltower-cuard esr ee 602 0} 26) 26)215600! 15800) 700|5200/2200 
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RIVIERE DES 
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* Two locks in flight. 
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Top of Sill 
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F—Continued. 

Torat For Two Sets oF GATES. ToTaL FoR Lock. Remarks. 
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APPENDIX G. 
STONEY SLUICE GATES. 


Office of Henry GoLpMark, Consulting Engineer, 
216 Board of Trade Building, 
Montreal, January 7, 1907. 


A. Sr. Laurent, Esq., 
Asst. Chief Engineer, Dept. of Public Works, 
Georgian Bay Ship Canal Survey, 
Ottawa, Ont. 


Dear Sir,—As requested by you, I have investigated the question of Stoney sluice 
gates for the proposed Georgian Bay Ship Canal and beg to send you herewith a blue 
print giving general plans of such gates as I should recommend, as well as of the 
masonry piers required, and a sketch of the machinery for operating the gates. 

I also enclose an estimate of the weight of the steel work, cast-iron and machinery, 
as well as the quantity of masonry in the piers. 

All of the above is in accordance with the memorandum sent me for guidance and 
covers, I believe, all necessary points. 

The estimates and plans are based on detailed designs for a number of gates of 
different widths, which were computed, in order to determine the most economical 
span, that is, the span which would cost the least per lineal foot of opening, taking 
into account the cost not only of the metal work but also of the masonry. 

The appended estimates give the results for gates 25 feet and 30 feet deep and 
for clear openings of 30, 40 and 50 feet. 

The total cost for one span, including both the metal work and one pier, is given, 
and also, for purpose of comparison, the cost per lineal foot for the different widths 
of opening. 

As shown in the tables, the total cost per lineal foot does not vary greatly for 
different spans, although the 40-foot opening is slightly the cheapest. Additional 
estimates, not given here, have shown that spans less than 30 feet and over 50 feet 
are less economical than those that lie between these limits. 

Hence, a 40-foot span was taken in making the plans, this length being convenient 
in transportation and erection, without increasing unduly the total number of gates 
to be operated. 


The unit prices adopted were the following :— 


Structural steel, erected in place.. .. ...... $0 O53 per lb. 
Cast-iron — a baal ene ee nett ae wy 
Operating machinery “ Me eee Re Mae MN # 
Concrete a Aah Sa eta ae ieee) “OO: DOT itn baea st: 


The plan submitted shows the construction clearly with all the principal dimen- 
sions and cross-sections of the girders. The horizontal girders are spaced so as to 
bring an equal amount of water pressure on each girder, making all the girders, ex- 
cept the top and bottom ones, exactly alike. 

There is one skin plate only, so that all parts are accessible for inspection and 
painting. The rollers are 8 inches in diameter closely spaced except near the top. 
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The horizontal girders are designed to withstand the following loading :— 

At the bottom the full hydrostatic head. | 

At the top a load of 625 lbs. per square foot of gate surface, equivalent to a head 
of 10 feet. 

At intermediate points, a load increasing uniformly from the load at the top to 
the maximum at the bottom. 

The excess loading above that due to the hydrostatic head is assumed in order to 
provide for accidental blows to the gate, pressure from ice, and also in order to take 
care of the increased loading near the top, which the vertical stiffeners of the gate are 
certain to produce. 

Under these loadings, the maximum unit stresses in the structural steel are the 
following :— 


Toe 2k) o. Seee=!- 1200 ‘Ibs.per ‘sq! incht‘on the net section. 
Compression ss.) sete, 10000 ote hae gross “ 
SROAT Posten a oe LOUUU ie ee 


The minimum thickness of metal in the primary members was taken at 4-inch and 
in the secondary members at g-inch. 

The piers were calculated to withstand the horizontal pressure transmitted to 
them by the gates, in addition to the direct water and ice pressures. 

An upward water pressure on the bottom of the masonry was also assumed. This 
pressure in pounds per square foot was taken as equivalent to thirty times the head 
in feet, that is, for the gates 25 feet deep, this pressure was 750 pounds per square 
foot, and for the 30-foot gates, 900 pounds per square foot, this being very nearly one- 
half the full hydrostatic head. 

The piers were designed against overturning and sliding. The resultant line of 
pressure is nowhere outside the middle, and the pressures on the edges are very mod- 
erate. The tangent of the angle which the resultant line of pressure makes with the 
horizontal is never in excess of 0-5, giving ample safety against sliding. . 

In making the above calculations, the weight of the entire pier was taken into 
account. It was found that only a very small amount of reinforcing steel was re- 
quired in order to bring the whole weight into action. 

The weight of the gate leaf is fully counterweighted. There is a box girder as 
shown arranged to carry cast-iron counterweights of suitable sizes. This box is sup- 
ported by steel cables. There are cast-iron chain links attached to the cable, which 
serve to produce equilibrium, as the gate is more or less immersed into the water. 

The operating machinery is indicated on the plan. It consists of a simple train 
of gear wheels, by which the drum which carries the cable is operated by hand power. 
There is one apparatus at each end of the gate with a continuous shaft. 


Very respectfully, 
(Signed) HENRY GOLDMARK. 


Note.—For type of “Stoney” sluice gates refer to plate 24. 


19a— 303 
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ESTIMATE OF COST OF STONEY SLUICE GATES. 


GATE FOR 30 Fr. HEAD OF WATER. 


ESTIMATE FOR ONE SPAN (ONE GATE AND ONE PIER). 


| 


: 30’ SPAN. 40’ SPAN. 50’ SPAN, 
Unit 
Class. —_——,__ 
Prices. ! 
Amount. Cost. Amount. Cost. Amount. Cost. 
$ cts. $ cts. $ cts. $ cts. 
Ca. Ramee in RES tae Lbs 0.053} 146,040 | 8,032 20 202,160 /11,118 80 272,000 |14,960 00 
Cast STO: Sect tenais s 0.03 87,540 | 2,626 20 125,800 | 3,774 00 168,550 | 5,056 50 
Machinery.......... g 0.09 44,400 | 3,996 00 56,320 ’ 5,068 80 67,700 | 6,003 00 
Concrete............C. yds. 8.00 1,050 | 8,400 00 1,306 (10,448 00 1,562 |12,496 00 
SE OCU RR eit in ce et | i a a a MRC |p eRe 23 O054r 40 ei ee 30409 760R/R2: eee 38,515 50 
ESTIMATE FOR ONE LINEAL FT, OF OPENING. 
Steel eee Lbs, 0.054 4,868 267 74 5,054 277 ,97 5,440 299 25 
Cast drones eens. « 0.03 2,918 87 54 3,145 94 35 BtesirAl 101 13 
Machinery... ace kes 0.09 1,480 133 20 1,408 126 72 1,334 120 06 
Concrete......25./...C;yds; 8.00 35 280 00 32-65 261 20 31-24 249 92 
Potaleie ahr s) SE leh, Oi ae VA A a 76S 4S ae oleae 716002452 ou hatte | 770 31 
SPS Bay Wo de Mi ee a cS RAN Lele Se Ur Eo alee ris 
GATE FOR 25 Fr. HEAD OF WATER. 
ESTIMATE FOR ONE LINEAL FOOT OF OPENING (METAL WoRK AND Masonry). 
Medium steel........ Lbs, 0.054 3,626 199 43 3,748 206 14 Spouse 212 96 
Cant iron. 204 sce, s 0.03 2), £23, 63 69 2,280 68 40 2,852 73 56 
Machinery.......... e 0.09 1,254 112 86 1,188 106 92 13-4235 101 07 
Conerete 5.5 VS! 8.00 25 172 00 20°15 161 20 19 -36 154 88 
SOLA ey Osten at, Coes be een we We aie Teenae Aree SATAGS ANSE wh pies = 5425 66n | an eee 542 47 


ESTIMATE FOR ONE SPAN (ONE GATE AND ONE Pier). 


PeBel coe go ates Lbs. 0.54 | 108,780 | 5,982 90 | 149,920 | 8,245 60 | 193,600 |10,648 00 
Cast irom RAGS. : 0.03 63,690 | 1,910 70 91,220 | 2/736 00 | 123/600 | 3/678 00 
Biachinery.. cto tok) 0.09 37,620 | 3,385 80 47,520 | 4,276 80 56,150 | 5,053 50 
SGONCTate. te. a ©. Vas: 8.00 645 | 5,160 00 806 6,448 00 968 | 7,744 00 

Seon ies lice hE cr Weg eS 16,439 40 | ieee bread ot '706 done ae 27,123 50 
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APPENDIX H. 


ESTIMATE OF HYDRAULIC MACHINERY FOR OPERATING LOCK 
GATES AND VALVES. 


Prepared by Mr. R. L. Haycock, Mechanical Engineer. 


This estimate includes :— 


Turbines and governing valves. 

Shafting—gearing—pulleys and belts. 

High pressure duplex pumps. 

~ Accumulators. 

Piping. 

Lock gate engines. 

Valve engines. 
This estimate does not include buildings, foundations or sluice-ways. 
Attached diagram gives arrangement of parts. 
Pumping plant— 


Two turbines 36-inch and valves.. .. -. -- ++ ee ee ee $4,000 00 
Ghattmeweate, Git tS sete nee ee ee ere te 2,000 00 
Two high pressure duplex pumps, &c., piping.. .. -- -- 6,000 00 
Three accumulators and piping... .. .- -- ++ ++ -: . 14,000 00 
Total cost of pumping plant.. ....-..- . $26,000 00 
Valve and gate engines— 

Eight lock gate engines, pipes and valves.. . .$23,500 00 

Four valve engines, pipes and valves.. .. -- 9,000 00 

ADSL A EIS ease ols h 40" ,ahisee sy  taeeenns ie ah ne eee 2,500 00 
Total cost of gate and valve equipment.. .. --. .. . .$35,000 00 
Engineering and incidentals.... .. -- -- ++ ++ +++? 4,000 00 
Total cost for one lock complete.. .. ..$65,000 00 


The above equipment of pumping plant would also be sufficient to supply power 
for two or three locks in a group. 


DESCRIPTION OF PLANT. 


Water from the upper level is brought to the pumping plant by taking it from 
the valve flume or by separate flume from the dam. It passes through the. tur- 
bines, which are governed by gates automatically operated by the accumulators, and 
is discharged to the lower level. 

The turbines operate a horizontal shaft from which power is taken by belts to the 
duplex pumps. From the pumps the water passes to the accumulators and from there 
to the mains at 200 lbs. pressure. 

Fach turbine is capable of doing work alone, which allows one turbine as a spare. 

Each pump is capable of doing the work alone, which gives one as a spare. 
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The shafting, clutches and pulleys are so arranged that either turbine can operate 
either pump. 

The accumulators are of sufficient capacity for any two of them to supply the 
necessary head, thereby having one as a spare. 

The accumulators are the piston weighted type. Cylinder vertical and fastened 
to the bare plate which is at floor level. Top of cylinder is about two feet above the 
floor. The piston carries the weights and travels up and down with the weights ac- 
cording to the amount of water used. 

The pressure main extends from the accumulators along one side of the lock 
and the water is taken through branches to the Aiken valves and then to the engines 
to be operated. 

The ‘pressure main’ and ‘ return main’ are each 4 inch Dia. pressure main X 
heavy and return main standard pipe. All piping from the pressure main, to the 
cylinders to be operated, is 2 inch X heavy pipe. 

Aiken valves have been selected on account of the extreme simplicity of operation 
and of mechanical construction. From experience they have been found to give the 
greatest satisfaction. 

The only wearing parts are the cup leathers, which are removed and replaced 
by new when worn. It is necessary to remove only one bolt to take out spindles for 
repairs. These cup leathers should run a whole season without repairs on this work. 


Aiken valves have been placed in operation in many of the largest steel plants 
after scrapping all other valves that had been doing the work and which gave con- 
tinual trouble. . 

All gate and valve engines are operated from one side of the lock. 

The gate engines are 18 inches Dia., 14 inches thick and have a stroke of 24 feet. 

They exert a maximum perpendicular pull to the gate at instant of opening of 
15 tons, and during the opening of the gate develop 23 H.P. 

These engines contain cylinder, cross head and guides, connecting rod and bracket 
on gate. rs 

The valve engines are 12 inch Dia. 1 inch thick and have a stroke of 6 feet. 

They exert a pull of 10 tons to the bracket on the valves and during the opening 
of valves develop 4 H.P. 

The engines on inlet side contain cylinder, cross head and guides, connecting rod, 
bell crank, connecting rod and bracket on valve. 

The engines on inlet side contain cylinder, cross-head and guides, connecting rod, 
bell crank, connecting rod, cross-head and guides, connecting rod and bracket on valve. 

All waste water is piped in a return main to a setting tank in the pumping plant 
from which the pumps draw their supply. This enables the use of a non-freezing mix- 
ture in colder weather without loss. 

The glycerine non-freezing mixture in use is 20 per cent glycerine to 80 per cent 
water, and costs about 50 cents per gallon. It is hard on the packings of pumps, 
accumulators, engines and valves and gums slightly, and is no good as a lubricator. 
It is good for a few degrees below zero. 

The oil used with entire satisfaction, is a by-product oil from the manufacture of 
parafine and should have a flash point of about 400 degrees Fahrenheit. This oj] 
costs about 18 cents per gallon. It is like a ‘thin cylinder oil and is a fair lubricant, 
will not destroy packings and in fact gives longer life to them than the water. This 
oil is good for 15 degrees below zero. 

A complete equipment of one lock, as shown, would require 4000 imperial gallons. 

If cil is used, cost would be $680.00 and the glycerine mixture would cost 
$2,000.00 per lock. 


To illustrate the operations necessary for working a boat through a lock we will 
take the case of a boat going from the upper to the lower level. 
It will be necessary to have two men, the ‘operator’ and his ‘ assistant.’ 
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First—Operator goes to Aiken valves which govern the lower gates and closes 
these gates. His assistant, watches the miter to insure a proper joint. 


Second.—Operator goes to Aiken valves which govern the outlet valves and closes ~ 
them, then opens the inlet valves and allows the lock to fill. 


Third.—Operator goes to Aiken valves which govern the upper gates and opens 
them to allow the boat to enter. 


Fourth.—When boat has been properly moored the operator closes these gates, 
his assitant watching miter to insure a proper joint. 


Fifth.—Operator goes to Aiken valves which govern the inlet valves and closes 
them; then opens the outlet valves which allow the lock to empty. 


Sixth.—Operator goes to Aiken valves which govern the lower gates and opens 
them to allow the boat to go out to the lower level. 


It will be noticed the operator does all his work from one side of the lock, and, when 
he is operating the gates, he is close to them and knows exactly how they are acting. 

T would suggest the employment of a mechanic for this position as he could take 
care of the power house during spare time. His assistant could be a handyman. 
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APPENDIX I. 


ESTIMATE OF ACETYLENE LIGHTING SYSTEM FOR LOCK AND 
APPROACHES. 


Prepared by R. L. Haycock, Mechanical Engineer. 


This estimate includes :— 


Generator. 

Piping. 

Lantern Posts. 

Lanterns. 

Attached diagram shows arrangement of parts :— 

Generatoricainplere. crac i. au oi ee ee on gen een $ 550.00 
TAR eye ate ae ae, rca pr oa at ances See Paneer ee 300.00 | 
SPACE res ios fe ci a) eda oe, RN cn eats ea et eee 80.00 
dU TAY os dt oR Gr mR see tek MILIEU ade WAL mimes docs ie ey 130.00 


ae es arse cliles Upirn tan hn es 1,060.00 - 
DESCRIPTION OF SYSTEM. 


The generator consists of a gasometer ‘A’ and a generator ‘B.”’ The carbide 
g& 
being placed in movable cups ‘ C,’ 


These cups are fitted to a frame work and rest on a rack attached to the genera- 
tor and tripped automatically as required by means of a tripping bar attached to the 
-gasometer, the cups when tripped descending into the generator ‘B’ and turning 
up behind the partition as in the illustration. 
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The carbide being encased in the cup. it is absolutely impossible for the water to 
attack it until it has passed behind the partition, when generation takes place. 

The gas rises thoroughly washed and perfectly cool through the water behind the 
partition and thence into the gasometer ‘A? which is of sufficient capacity to store 
the gas produced from one cup of carbide. 

A duplicate set of cups is supplied and when one set has been submerged they 
can be easily withdrawn and dried, the duplicate set being charged and attached in 
their place. 

The re-charging can be attended to at any time without interfering with the 
operation of the lights, and as there is no generator to open there 1s absolutely no 
danger in the process. 

The points in favour of the machine are :— 

No waste or over-generation. 

Perfect safety. 

No disagreeable odour. 

‘Jas thoroughly washed and perfectly cool. 

This generator would be capable of supplying one or more locks in a series and 
would be charged twice a month. 

Generator could be placed near or in power house if hydraulic system is adopted. 

The piping consists of } inch and 4 inch standard pipe for mains and 3 inch X 
heavy to cross from one side of lock to the other. These cross pipes are taken from one 
side of the lock to the other and both ends of lock in case of breakage to one. 

The posts are turned cedar about 15 feet long and stand 10 feet above the ground. 
Pipe goes up the centre of post. 

Lanterns are similar to street gas lamps; burner consists of two ? ft. tips with 
capacity of about 100 candle power. 

The advantages of this system of lighting are:— 

Low cost of plant. 

Ease of operation—automatic. 

Low cost of lanterns—in comparison to are lamps. 

Low cost of piping—in comparison to electric wiritg. 

Low expense of repairs. Only parts damaged are tips in lantern and these 
run whole season. ‘ 


No skilled labour. 
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APPENDIX J. 


DERIVATION OF AMOUNT OF WATER REQUIRED FOR POWER AT SUM- 
MIT LEVEL. 


Report by Geo. F. Chism, M. Am. Soc. C.E. 


The following calculations of the amount of power required at the two flights 
are based on the results of tests made on gates and valves of the Soulanges, Cornwall 
and Welland canals, with a suitable allowance for increased sizes and weights of the 
moving parts and increased areas, subject to wind pressures, ete. 

The composite curve of the performance of the motors from the tests mentioned 
shows that for gates there is an inrush current at starting, which immediately falls 
to less than motor rating, coming up to about normal rating for a short period just 
previous to entering the gate recess or to making miter. 

_ The following performances were therefore assumed for each gate and valve motor 
proposed for the locks of the Georgian Bay Ship canal. 


20 h.p. for 5 seconds — 100 h.p. seconds. 


10 66 10 4 ee 100 66 se 
5 ““ 30 (<4 — 150 (74 “ 
3 “ 60 (<3 a 180 oe 6e 
5 (73 10 Me — 50 (<3 (T3 

10 (<3 5 “cc ose 50 66 6e 

120 630 


Hence each pair of gate motors require 630 x 2 = 1260 h.p. seconds per movement. 
The assumptions for the operation of the valves are as follows:— 


For opening :— 


10 h. p. for 3 seconds = 20 h. p. seconds. 
ve 3) 3 ”» a a1 ? 
5 3) 10 >P) — 50 2) 
9g 9) 44. 9 —_ 88 ” 
60 189 
Hence opening each pair of valves will require 189 x 2 — 380 h. p. seconds. 
For closing :— 
5 h. p. for 3 seconds = 15 h. p. seconds. ‘ 
t ? 5 ) mace 57 > 
60 72 
Hence closing each pair of valves will require 72 x 2 — 144 or say 150 h. p. 


seconds. 
Assuming that each lockage consists in returning the gates and valves to their 
original position, 36 lockages will require the following movements :— 
A pair of gates 14 x 36 x 1,260—635,040 h. p. seconds. 
e valves 4x386x 3880=— 54,720 “ 
om Be 4x36x 150— 21,600 ~ 


711,360 
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For the two flights this will be 2 x 711,360 — 1,422,720 h. p. seconds. 

For illuminating both flights with 22 are lamps per flight, and the stretch of 
land intervening with 16 are lamps there will be required 60 arc lamps, which, at 480 
watts per lamp at the lamp, will require 60 x -643 = 38.58 h. p. (each lamp = -645 
at that wattage) and assuming that the long run will be twelve hours, there will be 
required 12 x 38-58 = 462-96, or say 463 h. p. hours, which reduced to h. p. seconds 
— 1,666,800 h. p. seconds. 


The total power required per 24 hours for power and l'ghtirg then becomes :— 


For power, 1,422,720 h. p. seconds. 
For lights, 1,666,800 4 


3,089,520 

One h. p. second = 550 ft. lbs., and hence 3,089,520 h. p. seccnds = 1,699,- 
925,000 ft. lbs. in 24 hours (rounded figure) ; reducing this to ft. lbs. per sec. we have 
19,667 ft. lbs. per sec. m 

Taking water at 62-5 lbs. per cu. ft. and assuming a 60 ft. fall, we have each cu. 
ft. of water giving 3,750 ft. lbs. and 19,667 —- 3,750 = 5-24 cu. ft. per sec. 

This is the theoretical amount of water required at the lamps and motors, and 
if we allow a very low efficiency for the various conversions at say 40 per cent there 
will be required 5:25 x 2:5 = 13-125 cu. ft. per sec. for a continuous run of 24 
hours. 

Of course if this run is restricted to a limited period of say 8 or 4 hours the con" 
tinuous run will be correspondingly increased, at four hours, for instance, there 
would be required 78-75 cu. ft. per sec. 

In your instructions given me at Ottawa you stated that 100 cu. ft. per sec. for 
4 hours would be available and you will see by the foregoing statement that this 
amount has not been exceeded. 

The very low factor of efficiency taken above added to the very high assumptions 
as to power required and the fact that we have considered none of the 36 lockages 
coming in sequence, gives us a very high resulting factor of safety. 


GEO. F. CHISM. 
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APPENDIX K. 


PRELIMINARY RECONNAISSANCES REGARDING STORAGE POSSI- 
BILITIES OF THE UPPER OTTAWA RIVER WATERSHED. 


It was decided to make a rapid reconnaissance of some of the Upper Ottawa lakes, 
and on May 18, 1906, Mr. F. G. Goodspeed, O.E., began a journey through the territory. 
He was accompanied by two guides and made the trip of 200 miles by canoe, from 
Kippewa via Ross lake to Grand Lake Victoria, thence up the main Ottawa, via Bar- 
riere to Kakabonga lake and down the Gatineau to Manikakl. 

The party left head of Gordon creek, on Kippewa lake and proceeded through 
England bay to Hunter lake. 

Kippewa lake is 110 square miles area and could be raised 6 feet, giving 660 square 
mile feet of storage. (See report of Mr. Brophy, 1905). 

The route then taken was up Turtle portage to Hunter’s Point, near the south end 
of Ostokonsing lake, which is 19 square miles area and could be raised 20 feet, giving 
380 square mile feet of storage. ; 

They then passed up the rapids into Birch lake and examined Meat Bird lake, 
then portaged up to Saseginata lake, and thence up to Ogascanan lake, a total rise of 
134 feet above Kippewa. The area of Ogascanan lake is 10 square miles, and if the 
existing dam 70 feet long were raised 4 feet, making a total storage rise of 10 feet, then 
100 square mile feet of storage could be obtained. The shores of the lake probably 
average 5 feet above present water (May, 1906). There are several swampy spots 
which, however, are only poorly timbered. 

The next two lakes northward, but still in the Kippewa drainage area, are Brulé 
and Ross, which are held at the same level. Their combined area is 6 square miles, 
and they are closed by a lumber dam 80 feet long and 6 feet high, capable of storing 
3,559 mile feet. 

The local drainage area is small—3,059 miles—but if more territory can be 
drained in it is possible to raise the dam. 

Portaging over the summit between Kippewa and the North Ottawa basin, the 
party descended Trout lake into Winawiaski. This last lake drains to the northwest, 
eventually reaching the main Ottawa. From the north end of Winawiaski is a portage 
8 miles long to Old Man lake, which is almost the same level, and also empties toward 
the northwest through Spruce river. Old Man lake receives water from Old Woman 
lake, which is a summit pond and also empties northward by five rapids, falling 34 
feet, into Fire Portage and Moose Horn lakes, and finally Grand Lake Victoria. 

Grand Lake Victoria lies northwards across the interior basin, its northern arm, 
Twenty-one Mile bay, extends through Mink Narrows and drains a Swamp area that 
sends water also toward Hudson Bay. It has a southerly arm, Eagle bay, stretching 
almost down to the head-waters of the Du Moine river. 

Although long, Grand Lake Victoria is narrow and its area is only 25 square 
miles. The tributary basin includes all the Ottawa basin upwards to Kakabonga lake, 
an area of 4,000 square miles. 

Grand Lake Victoria may rise 16 feet above its low water stage. It then includes 
Fire Portage and Moose Horn, which add 6 square miles to its area, making it in all 
(25-+6) 381 square miles. Any further rise will cause a flow through Twenty-one 
Mile bay over the swamp toward Hudson Bay. The shores are generally high and 
rocky and the timber of little value. 
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Rabbit lake (Wapansanony) is roughly parallel to Twenty-one Mile bay and two 
to five miles west of it. Its surface is 26 feet lower. Grand Lake Victoria has two 
outlets into Rabbit lake. The area of Rabbit is 16 square miles, the west shore is very 
regularly about 10 feet above high water (June, 1906). Its outlet is the Main Ottawa, 
which flows from its north extremity where the shores become flat. An island divides 
the outlet into two streams. 


The party continued up the Ottawa from Grand Lake Victoria through Awatan 
lake into Birch lake. 

_ These lakes are 43 feet above Grand Lake Victoria, their area at the same elevation 
is 16 square miles, and a rise of 10 feet is practicable, giving 163 square mile feet 
storage. 

The next expansion of the Ottawa is Backbone lake, which is not large. Below 
it the Shoshoguan river joins from the north, and above the Kapitajewan river. 


Above Backbone lake there are two falls each nearly 30 feet, then Barriere lake, 
the surface of which is over 100 feet above Grand Lake Victoria. Barriere consists 
of two expansions joined by a short stream with a lumber dam that keeps the south 
pond high enough to flow toward the Gatineau, so logs can be floated out in that 
direction instead of following the circuitous route by Grand Lake Victoria and 
Timiskaming. 

The party left the Ottawa river at Barriere and proceeded toward Kakabongg lake, 
which is a summit pond, draining east by the Gens de Terre river with the Gatineau 
river, and westwards over the Barriere lake dam down the Ottawa into Grand Lake 
Victoria. 


The area of Kakabonga is made up as follows :— 


Sq. Miles. 
(1) From Barriere dam to Narrows between Washkega and 
WGI OL He ee che ee aaa oo cel gare hse tay aka 
(2) From Narrows to Back bay-Kakabonga lake.. .. .. .. .. 40 
(3) Rapid lake up to dam on Wolf lake.. .. .. .. .... +. -. FY 
(4) Back bay and Camp lake... .. .. 6. 66 ee ee te ee ee ee 12 
PSE Ge eee een Re are, OR cee SOME a s iehO gt oll, ee! ite ea fara s coat ies ves} 


The territory drained is about 1,000 square miles, the principal tributary waters 
being Wolf lake, with its tributaries Awashemameka, Trout, Moose and Malawaskaga, 
The present surface is 280 feet, above Kippewa, and say 100 feet above Grand Lake 
Victoria. It could be raised 15 feet and if the Barriere dam were removed to the outlet 
of the north part of the lake and built across the main Ottawa, the new Kakabonga 
would have an area of 80 square miles and afford 1,200 square mile feet storage. 

Wolf lake, mentioned above, has 10 square miles area, it is held 6 feet above its 
original level and, owing to flat shores, this cannot well be exceeded. It is 23 feet 
above Kakabonga, and its tributary Awashmameka is 10 feet higher, with an area of 
8 square miles upon which a 3-foot layer could be stored, but the shores are flat and 
swampy above that height. Madawastagan lake, 4 square miles area, is at present held 
6 feet above its original surface, so as to force its waters toward Windfall lake and 
down Tomasine for the log drive. 

Tf the outlet of Windfall lake were closed by a dam 15 feet high then all this 
territory would drain to Kakabonga, whence the flood could be sent to Grand Lake 
Victoria. . 

Completing this reconnaissance of Kakabonga, the party descended its natural 
outlet, the Gens de Terre river, into the Gatineau, and examined Baskatong lake. 
This lake during spring freshets or even after heavy rains has no outlet, as the Upper 
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Gatineau rises faster than the lake which thus becomes a storage pocket. The maximum 
storage layer would be 10 feet, as a higher rise would flood Baskatong village. 

This was the last reservoir visited, and the party passed down the Gatineau to 
Maniwaki and returned to Ottawa. 


SECOND RECONNAISSANCE MADE BY MR. F. G. GOODSPEED, C.E. 


After the information gained on the first trip was put together, it was deemed 
advisable to undertake a second journey across the Upper Ottawa drainage basin, pass- 
ing this time, however, to the south of the former route. The starting point was again 
Kippewa lake, up which the party proceeded by steamboat, August 8, 1906, 45 miles to 
Red Pine chute. Thence by canoe up the Kippewa river to Bois Franc lake. This 

_is 5 square miles area with good banks that admit of a 10-foot rise of surface. 

Passing up river, Brennan lake was the next visited. It is an expansion of 
Kippewa river, area 5 square miles, with high well-timbered shores that allow a rise 
of 15 feet, giving 75 square mile feet of storage. 

These is a rise of 100 feet along the Kippewa river from Brennan lake to Wolf 
lake, the Turner chute being 43 feet alone. . 

If Wolf lake is raised 12 feet, then Wolf, Brulé and Grassy lakes will form one 
reservoir, making 200 square mile feet of storage. 

Leaving the Kippewa watershed, an examination of DuMoine lake was made and 
it was found that a dam at the foot, just above the Chute, holding the surface up 10 
feet would be quite practicable and the resulting reservoir would have an area as 
follows :— 


Sq. Miles. 
DuM ome: lake. proporisc. 6 tte qian eta Geties Go ee ee De 
PREP POW EDA ya mts mama score era: oon ah) nee aM ea ne a 
SSPE D Saba yrecar eur ates Cars, x: oO LcnRE meee tae Gra ie Wane pen ce ae 
MBOSe SELVOre In Wrarines oi locas et a gat ea a oo Ee ee 
OUR Ai & Bisa SS Searls RL sie cin lene he cea oti a a 


Alongside DuMoine river and 5 miles east of it is Ten Mile lake, area 7 square 


miles, which might be raised 15 feet, giving 105 square mile feet of storage. This 
lake drains into the DuMoine 3 miles below the Chute with a fall of 60 feet in 5 
miles. 

Leaving DuMoine lake at the north end of Stubbs bay, the route led into Bark 
lake, 10 feet higher, with an area of 7 square miles. It can only be raised 6 feet, how- 
ever, as the shores are flat, but there is an upper Bark lake 25 feet above the other that 
can be raised 12 feet to store, say, 20 square mile feet in addition. 

After considerable difficulty the party found a portage eastwards to Seven Mile 
lake and followed it down to Moose river. The lake area is 5 square miles and can 
be raised 15 feet, giving 75 square mile feet of storage. At the head of Moose river 
are two lakes called Big and Little Moose or Bell lake and Sucker lake, a 12-foot dam 
would make these one, with an area of 5 square miles, giving, say, 50 square miles 
storage. 

There is a small canal cut through the height of land connecting Bay lake with 
Sucker lake mentioned above, so that logs can be sent down the DuMoine river instead 
of the long route by the Ottawa river and Timiskaming lake. 

Bay lake could store a depth of 10 feet over its area of 15 square miles. 

The party then crossed the head of the DuMoine basin eastwards to Little Victoria 
lake at the head-waters of the Coulonge. The area is 6 square miles and the height 
of the shores admits of a 12-foot rise, storing, say, 70 square mile feet. 

Reaching the Coulonge river by Victoria creek, a trip was made down-stream to 
the outlet of Brulé lake. It is 60 feet above the river, emptying through a short rough 
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rocky creek. The area is 8 square miles and the shores are wooded with birch, pine and 
spruce, and high enough for a 15-foot rise, giving 120 square mile feet storage. 

From the northeast end of Brulé lake, a portage was made to Nine Mile bay, a 
directly south arm of Giroux lake, which consists of three bays, the one mentioned and 
two others, aggregating 8 square miles in area, but a rise of 15 feet would include 
Nisheotea lake, making a united storage of 180 square mile feet. Nishcotea receives 
the flow from Big lake at the extreme northwest corner of the Coulonge basin. Around 
these lakes the pine is plentiful. 

The route then taken was north from Nishcotea across the summit of the Coulonge 
basin into Round lake. This latter lake can be raised 15 feet, giving an area of 9 
square miles at the new level. The shores are granite and there is an abundance of 
pine. The outlet is northward into Birch lake, an expansion of the Ottawa river, 
visited on the first trip. (See page 476.) 

From Round lake there is a quarter-mile portage to Elbow lake (Indian-Odosguin, 
sometimes called Tea lake), which also drains into Birch lake. It contains 220 islands, 
and the shores are granite bluffs covered with fine pine that make it one of the most 
beautiful of the lakes visited. The area is 10 square miles and its surface can be 
raised 15 feet, giving 150 square mile feet storage. 

A portage was made south into Caribou lake which lies between Elbow and Round 
lakes, and like them empties into Birch lake. Its shores are high and rocky with 
considerable pine still standing. The area is 8 square miles, and a rise of 15 feet may 
be possible, giving 120 square mile feet of storage. 

Passing northeast up through a chain of small lakes, the party reached Chub lake, 
which receives the flow from Larouche and empties north into the Ottawa above Back- 
bone lake, with a 50-foot fall. Chub lake is 7 square miles area and may be raised 
15 feet, giving over 100 square mile feet of storage. 

Portaging to the south, a lake of 5 square miles area called Dam lake was entered. 
Its water has been diverted south into Big lake by a small canal, as the drainage 
territory is only 50 square miles, its present rise of 5 feet is sufficient. 

The route from By lake was south through a long narrow bay and then a port- 
age out of the Coulonge basin eastwards into the Gatineau by a small lake leading 
into Trout or Moose lake. This drains by Awashemeka and Wolf lakes to Kakabonga. 
(See first trip, page 477.) The area is 15 square miles, and a dam 11 feet high would 
suffice for the 150 square miles of territory it drains. 

Awashemeka is 18 feet lower than Moose lake, but its flat shores only allow of a 
5-foot rise for its 10 square miles of surface, giving 50 square mile feet storage. 

A portage was made to Madawastagan visited on the first trip. (See page 477.) 
It receives the flow from two lakes to the south (Island and Pike lakes), which are 
the same height, and one dam will suffice to raise both. Their area would be 15 square 
miles, and a 10-foot raise could be made, storing 150 square mile feet. 

The third arm connected with Madawastagan is Windfall lake, 6 square miles 
area, which can be raised 15 feet, empounding 90 square mile feet. Surrounding the 
lake on all sides are high rocky hills and burnt country. 

Tomasine creek flows from the southeast end of Windfall lake, through several 
small ponds, to Tomasine lake, 6 miles long by a quarter-mile wide. A 20-foot rise is 
possible, giving a storage of 40 square mile feet. 

Continuing southeast Tomasine creek joins the Desert river at its head lakes 
Desert and Rond, which are practically the same level joined by a river stretch 4 
miles long. Both lakes can be raised to form one pond area 15 square miles, including 
the river between and some marshes. There are five farms around Desert lake, but a 
rise of 15 feet is possible, storing 225 square mile feet. 

The party then descended the Desert river 50 miles, to Maniwaki, arriving there 
September 20, after 37 days of arduous canoe travel. 
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APPENDIX L. 


REPORT BY MR. F. H. PETERS, C.E., ON THE STORAGE POSSIBILITIES 
OF THE MONTREAL RIVER WATERSHED. 


I have the honour to submit the following final report of the reconnaissance work 
carried out under my charge in the Montreal river water-shed during the past spring. 

The following description of the party’s movements and the methods of carrying 
out the work is an extract from my preliminary report of August 7th, 1907. 

The party left Latchford, Ontario on May 28th, and proceeded up the Montreal 
river to the Matawapika river. At this point the party left the Montreal river and 
proceeded through Lady Evelyn lake and Diamond lake into the foot of Temagami 
lake, and carried elevations through to this point. 

‘The party then returned through Lady Evelyn lake and went up the Lady Evelyn 
river to its head-waters and portaged into Smoothwater lake, the head-waters of the 
Ikast Branch, Montreal river. 

‘Along this route several tributary lakes of coonsiderable size were examined, and 
data gathered concerning their storage capacities. Smoothwater lake was reached on 
June 21st, and the party then proceeded down the East branch to its junction with 
the main stream near Fort Matachewan, which point was reached on June 30th. 

‘Camp was made here and the cook left in charge, while one canoe proceeded down 
the river to Latchford to purchase supplies. On returning from Latchford, camp was 
struck, and on July 8th the party started for the head-waters of the main branch 
Montreal river. ; 

‘These waters were all examined, and the party then returned to Latchford on 
July 27th, examining that part of the Montreal river between Fort Matachewan and 
the Matawapika river en route. 

‘The party went by train from Latchford to Temagami and three days were spent 
examining certain points on this lake. 

‘The party disbanded on August 38rd. 

‘The datum of levels was obtained at Latchford station from Temiscaming and 
Northern Ontario railway levels to Canadian Pacific railway datum. Elevations by 
hand level and water transfer were carried over the whole route traversed and as 
shown on the accompanying sketches, two large circuits were developed, namely: From 
Latchford via Lady Evelyn lake to Temagami lake and return via Temiscaming and 
Northern Ontario railway to Latchford; and from Latchford through Lady Evelyn 
river, east branch and main branch Montreal river, back to Latchford. Throughout 
the entire route all streams of considerable size were gauged; all possible storage basins 
traversed, and area& calculated, and dam sites cross-sectioned at all points where they 
might possibly be required. As much information as possible regarding high and low 
water fluctuations was gathered, but owing to sparsity of settlers along the route 
this was difficult.’ 

The aim has been to raise the water surfaces in reservoirs only to such a height 
as will not flood out any valuable timber. In some cases, considerable areas of spruce 
timber will be harmed but as it was impossible to determine their areas no estimate of 
their value has been attempted. 

The type of dams, with one exception, is the ordinary lumberman’s rock-filled crib 
dam with a constant width of twenty feet (20 ft.). For the quantities the profile 
areas were plotted and measured in each case from actual levels taken on a centre 
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line section. ‘he quantities were then taken out for a solid dam, without openings, 
and estimated at $3.50 per cubic yard. This, it was assumed, would include the cost 
of stop-log openings and whatever shallow excavation was necessary. In Duncan’s 
lake reservoir dam, some extra rock fill and earth excavation was necessary. In this 
case rock-fill was estimated at $1.50, and earth excavation at 40 cents per cubic yard. 

Although gaugings of all streams of considerable size were taken it was not found 
possible to estimate, with any great degree of accuracy, the freshet run offs from the 
various catchment areas with these single gaugings. For this reason the run-ofis from 
similar rivers, about which more information had been gained, were looked into. 
From these sources and from gaugings taken on the Montreal river, a run off of 2:7 
cubic feet per second per square mile for the freshet period of 75 days, April 15th to 
June 1st appeared to be near the truth, and this was taken as the basis of calculation. 

It has also been assumed that regulating works will be established at both outlets 
of Temagami lake and that the greater portion of its freshet waters will be passed 
through its northern outlet into Montreal river. 

The total area of Montreal river watershed above Latchford (including Temagami), 
was found to be 2,732 square miles. Taking the freshet discharge at 2-7 cubic feet per 
second per square mile, we find total discharge = 47,796,480,000 cu.ft. From figures 
given in the table below the total storage capacity is 20,207,121 cu. ft. That is -42 per 
cent of the freshet water can be conserved. 

This would require eighteen (18) dams and consequently eighteen (18) reservoir 
basins. The total cost of these would be $125,107.00. 

On pages 482 and 488 is given a tabulated list of levels taken, giving the elevations 
noted and also high water elevation over the whole watershed of the Montreal river. 
These levels are reduced to datum, mean tide New York, from Temiscaming and 
Northern Ontario railway levels at Latchford, Ontario. 

Accompanying this report is a map of the Montreal river watershed on which are 
noted the positions of dams, (numbered to correspond with sheet 6) and also elevations 
of natural high water at various points. (Map not published.) 

The areas of reservoirs were in most cases scaled from existing maps. But during 
the work the maps were studied carefully day by day and wherever large errors were 
observed from the canoe, they were noted and corrected later in the office before 
measuring the areas. Also the estimation of reservoir areas was in every case con- 
servative, so that-all reservoir capacities are probably on the low side. 


MONTREAL RIVER RECONNAISSANCE, 1907. 
Corrected levels, datum mean tide, New York. 


Elevation Storage Reservoir Cost 
Locality. Area. raised 
H. W. Head. Capacity. of Dam. 
Sq. Miles. |; Feet. Feet. Thousands $ cts. 
Cubic Ft. 
1. Okawakenda lake. s:* 1-20-29 -= 1°8 1,258 3 150,000 2,340 00 
7 Baie prowe Wie oun, G colic nal nba DRO Cae eae 2-6 Le ZOD 3 224 , 000 500 00 
3 PigeOM aks. site easel aa BRE SS 2-1 1,154 fh 418,387 15,990 OO 
APBD UNCATI SL BRO weere ee aie ie esos mies coer 2:9 Les) 10 819,491 3,909 00 
5. 2nd expanse above Great North Bend 2-2 1,129 7 420,159 3,341 00 
6. 1st expanse above Great North Bend. S20 1,091 10 } 980 , 992 11,180 00 
7. Fort Matachewan......---+-++++:> 1°5 1,040 10 421,075 10,790 OO 
8. Mountain chute.......-.---.--+4-: 5-6 954 6 936,614 11,960 00 
QPL Ke cor ses. cee ele olla Re ce oh eee 4°6 936 6 769 , 443 10,400 00 
10. Smoothwater lake........-.-++++-- 3°9 1,281 10 1,086,880 8,320 00 
11. Above rapid (8), east branch.....-.- 3°1 1,122 5 9,090 4,030 00 
TO Mlorencevlake wacom ve 5s eae o> 8-1 13238 3 676,608 2,847 00 
WO Gravsilake ee. sec eicits ooo eeebe UNS 1 PAs 3 142,800 4,680 00 
14. Willow island lake.............++:: 2°35 977 6 393,085 11,466 00 
15. Temagami lake, north end.......--- 85-1 994 3 7,087,355 3,139 00 
16. Temagami lake, south end.....-.---- 85-1 994 Ser Ue ate ae ost 2,080 00 
17. Diamondilake ces. oe keener = 3°8 990 10 1,059,379 8,125 00 
18. Above Metawapika falls.......-.--- 15 970 10 4,181,760 10,010 00 
SEE Eee ENS pipes eel Dane ae Oh ee abe Pa eign Cpocaeias Fh Wanna 20,207,121 | 125,107 00 


pee ee 
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Page 


i Difference Elevation Water 
Locality. in Surface Remarks, 
Elevation. noted. H.W. 
Feet Feet Feet 
Base of rail T. & N.O. bridge, Latch- 
ford; Ontos saeees He see Wee eee a 9472 7 ke ae EB 
Wie Sa bay-dlake, May’ 28. 30:s owes «ee ots —13-14 934 -63 934-63 |929-67 July 29. 
Foov'cr Pork rapidalet os. HA. . 8 eel + 0-20 934 -83 934-83 
Pea dyGtil Orie FA DIGS. hoc Sic hue cies dase + 7-30 942-13 942-13 
Foot of Squirrel rapid... .. 000.0050: + 0-20 942 -33 942 -33 
ead of Squirrel rapid............... + 1-00 942 -33 942 -33 
Foot of Matawapika falls............. + 0:30 943 -63 943 -63 |938-33 July 27. 
Head of Matawapika falls............ + 23-16 966 -79 966-79 |960:79 July 27. 
Ladyetivelynilakete is Sees ee + 0:20 966 -9 966-9 
Diamond takes csi cee aes. ee +12-9 979-8 980°8 
PemaAgamst Jake: i). Palcenvic ston. Ler ean +13-50 993 -39 993-39 |Check Temagami station. 
Circuit Latchford, Montreal river, Tem- 
apanita ke Tao NGOs se. ston iis ate tone uiak reece ANTI MERE SURE CAN aa eae Checks to 2-39. 
Lady divelyn, Wake Ae pen ot woe aoe teh Bee 966-994 eae rae ey 
Willowisland lake, oss a. ck os eee 83 971-8 972-0 
Head 1st fall above Willow island..... + 24-0 996-0 996-0 
Head 2nd fall above Willow island..... + 37-2 1,033 -2 1,033 -2 
CAC TAD ates hook meek a ee + 2:5 1,035 -7 1,035-7 |4 mile above 2nd fall. 
Stead Srd Fal Sie se archer aici ete +76°4 len eS ost 
PICACEADION. ChA0 i CaN OR ee ee + 8-0 1,120-1 1,120-1 |4 mile above 3rd fall. 
Gat Ach falincant ie ie ee. ee +14:°8 1,134-9 1,134°9 |Expanse head W. island. 
CACC2NG OXVANEE i ore cic deans cots + 1-0 1,135 -9 1,136-2 
Above # mile portage............... +32°-1 1,168-0 1,168°4 |Camp (6), 
Mouth of Grays creek................ + 6:7 1,174:-7 1,175 -22 
WSR ATA VE IEC? ILE V8 eo le sic Lae +35:-0 1,209 :-7 1,210°7 |Judged by eye. 
Mouth ior ‘Graves creeks. eis. ol eek the ss eee bs 1,174-7 ibe akgpsyor 
Head rapids 1'mile up....06.. 0.0.5. + 6:8 1,181-°5 1,182-0 
ECAULOLTADIGS: Sere ee ee + 3°5 1,185 -0 1,185°5 |Go 200’. 
Go 4 mile. 
Head mext rapids ecules e scar oan hee + 8-0 1,193-0 1,193 -6 
: SRT ACE Ca beet eiae ee te ea + 3:1 1,196°1 1,196°8 {Go 500’. 
Go 400’. 
as Pe NaED Rime no tke a nn. ede eae + 4:8 1,200-9 1,201-6 
Go 300’. 
¢ SEE oe eta Pas Diese Meee + 7-0 1,207 -9 1,208°7 |Camp (8). 
¢ PP ANS Mecre tere faa et nO ete +12:-0 1,219-9 1,220-7 |: mile above Camp (8). 
Curren tior simile so. ca 0 yk ee ee + 0°3 1, 220-2 Li-2215 4 
Double rapiden so: Seeks i oO eae =O 1,225 -7 1,226-6 
6 M. of current at 3% per.............. + 3:6 123903 1,230°3 |Camp (9). 
Double wa yid: dese ok ise hee + 6:0 1235-3 1, 236-2 
Pilorence lakee di ne. he wie ee = OF6 1,235 -9 1,236 -9 
W.S. foot Florence creek drop........ + 0:4 L235 COMERS. eee eget 
Head ist rapid above Florence....... +19-2 1, 254-2 1, 255°7 
Head 2nd : PRS A Hae + 4-4 1; 258-6 1, 260-1 
Head 3rd f See ae © eee +o 2( 1,260-6 1,262-1 
Head 4th s I ee + 5:0 1, 265-6 ivan 
WH CHIND AD VS toc eso mautee | tek Oe + 7:5 I PAI 1,274°6 |Current 5 M. at 15. 
W ou Portage lake, Po ocan cen eo ae + 5-0 1,278 -1 1,280°1 
WHERA DOR NANG facia < Cts enone he +24°7 1,302°8 1,304°8 |Summit. 
pmootrwater lakese® eeu ie, 4 hee —30°6 1, 272-2 1,273-7 |June 22nd. 
mmooin water aks.) ta ai. Aci wleite [eee ss Sa 1,271-9 1,273-°7 |June 24th. 
MOGiILGE TAO cic. gh es Gs ate —49°-5 1,222-4 1,223 °9 
Head or 2nd-rapid:..60 0. 0s ea cee — 2:0 1,220-4 1,221 -9 
WOOU OF eat TRIN. hence sono eae } —18°3 1,202°1 1, 203-6 
Flea OF or Papi. wise ae is, oat peeks Oe 1,196-8 1,198-3 /400’ rapid and current.. 
HOOGLOM STATA DIC rene ec one — 9-1 1,187-7 1,189 -2 
Mead Of Ath: va pitied. sos 5 ces ewe ea — 0°5 1,187 -2 1,188-7 
KootromAth ra pid pees aaa ace. eee. — 26-9 1,160-3 1,161-8 
Head of Oth rapide od occ cs a beaks — 1-0 1,159°3 1,160°8 
Popteot Gta Tapidi. coer: oes wc eine —27-1 1,132-2 1,133 -7 
Pla Gt Olly PADI oases cece ee IAS Cw whee coe 113269 1,133 -7 
BOGG OF Gb TADIC, ba nok a wale a — 3°6 1,128-6 1,130-1 
PICA OL TU TADIO ous Sete esas pees 21, Lae ae ee 1,128-6 1,130°1 
eS, Me) srs Sra) 6) Gs A a pone ger eee —11-5 ida ical 1,118°7 (Lake camp (16). 
Pieathor mea ra pigs. reso sys 0a, eek — 0-2 1,116-9 1,118°6 
Foot of 8th PRON, spc tr ct hr — 7°4 1,109°5 1Ee a Big Foe 
PIGAIOS UU Te DIG 2. oes nc Aue a el. s a ooe ee 1,109°5 ovite3 
BOGE Of Din Teme, coo dc vas x oe ee —16-9 1,092 -6 1,194°-5 
Foot‘of 20th rapids <.2.-:.-.....:000. —(2-0 1,090-6 1,092-6 
RAE Bh paride tere oc. aaa ame —10-0 1,080 -6 1,082-6 
me SOUL TAMAS Ee a reehen. daak ene — 22-4 1,058 -2 1,060 -2 
9 RSUHEA Dds. sue: antec SOD —22°3 1,035 -9 1,037 -9 
a Tathwaptd gn0 2.x a beer BQ 1,033 -9 1,035 -9 
% NOth Capi ty dave cs «aie — 4-0 1,029 -9 1,031 -9 
4 EGER PB a8 acco < wok «ate meee 1,028 -6 1,030°6 
x ACthirepidsen trees eG oe ai ee — 9-0 1,019°6 1,023-1 |W.S. at Rangers. 
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Locality. 


Camp junction of Main river, June 29. 


Junction, Main river........----+-+-- 
Head of Fox rapids,:.°.........-5.-: 
Foot of 7 mile rapids........-...-.+-- 
Head of Indian chute.......-...-.--- 
Foot-ofeindian chutes... .- +... = 
Head of Mountain chute...........--- 
Foot of Mountain chute............--- 
Headset Mountains aden ++ cis see ss 
Hoos omNlountaliercsc aioe shoe sean 
W.S. foot Matawapika falls....-....-- 
Rangers camp....--.--..--+:-+-+-0:: 
Head rapid 
EIN PI 2 On| ae cee amet ee 
Head rapid at Matachewan........--- 
Foot fall, Great North Bend........-- 
Head fall, Great North Bend.......--- 
1B Gavelicare ehcp pha oe los Eimto es Ay haucen Uae o cen 
Head rapid. No. 1..0 0.3 cee cir oss 
WS). Cam pl 20)s keene satan 4. 
Head rapid No. 255.52 2 ce cee eee 
Head rapid No. 3.....-.-- 
Foot rapid No. 4....-.--.-+-+2eee0+5 
Head Aa 1 eh erage et Na A 


‘ No. 


Piahetic 409, 6 (av elemelio) oe \° (e)e "8 rie) s) oe ie) 6 


dy Right MeN a Soest es, ela tederas » 
Pootrapid NOwO sc... - se Pi minge ogres 


DALIT CAINS HLL O Rc eed rset ewe lec tabelen shal [renova eel om 


Pigeon IGkele: ooh ta ts es oie ls = 
Foot rapid No. 10....------++++-++-: 
Headvra pid) Now 1 Ones «jc ine © 
Head rapid No, 11..........-.-.-265.: 
Head rapid No. 12...0...-..++-+55--5- 
Foot rapid No. 13......:--.+-+-+++++- 
ead rapidGNoml 3.6 ..e ss ent 
Head rapid No. 14.....-..-000- ee eee: 
Foot rapid No. 15......-.--- esse eres 
Head rapid No. 15..0.5.-4%..2++-+-5+5 
Foot rapid No. 16.......-+---++++e+:: 
Head rapid No. 16.......---+++eseee: 
Head rapid No. 17 
Foot rapids below camp (24) 
Head rapids below camp (24)......--. 
Head rapid at camp (24) 
Bicice | Glee eine, et oe EG eee es 


ein (aNeia @ 8! \s 1@ 101.6. e' teaye\ (0, 6) «(8 


eereveeaen 


ecs 80, © 0) =, > 6 (8 01.6! 10, 


Lake S$ 
Lake O, Kawakenda..........-+----- 
Fors mA 


Se elsemet iets Mere cetel's ale |b) 'sis sie) '¢ «ero, oren et siie™® 


a ana 


19a—313 


Difference 


in | 
Elevation. 


eC jshiel se! eemieie ‘of s ips 
me Kelr'elta plete 10th, lel eae.) e 


a ediat le; meet =e. stare 


<ab su ah /s \ellausele sewers 


COOMSOKOaNAKGY 


_ 
CO; PRWNBHRWORAROOCOrF 


1 


— 
ROOCWONWAF 


Oo ke 


+EHHEbE+etettttttett 
WRONHOOODO 


ROROCOCOHOOAHAROAAGAKSD 


Elevation Water 
Surface Remarks. 

noted. .W 
Feet Feet 
1,017-8 1,023-1 |Rangers camp, July 23. 
1,017 -8 1,023 °1 

974-6 979-6 

974-6 979-6 

947-8 952-8 

947-8 952°8 

940-4 945-4 

940-4 945 -4 

938 °5 943-6 |W.S. July 27. 

PRA Ue dept rl (Rive Be ees etal ge Fall in W.S. 5:1. 

1,018-6 1,023-1 |July 8th. 
1,021 -°6 1,024:6 |4 mile above. 
1,028 -6 1,031-6 |1 mile below Matachewan. 
1,030°5 1,033°5 
1,030°5 1,033 °5 
1,071°-7 1,075 -7 
1,072-2 1,076-2 |1-3 miles above G.N.B. 
1,081-3 1,085-3 |Above Great N.B. 
1,081 -8 1,085:°3 
1,086-0 1,089 -0 
1,091 -6 1,094°6 
1,092-6 1,095 -6 
1,106-6 1,109-0 
1,110-0 ebis<0 
Teles 1,120°5 |Camp (21). 
1,120°5 1,123 -5 
1,124°5 1,127°5 
1,128-5 1,131:5 |Camp (22). 
1,128°5 1,132°5 
1,146-7 1,148 -6 
1,147 -7 1,149-7 
1,155°1 ibeyalisyrcu 
1,158 -6 1,160-6 
1,161 -1 te GSiet 
1,161-6 1,163-6 
1,164°6 L1G i:6 
1,175:0 ies O 
1,175°5 1,177 °5 
1,189 -6 1,191-6 
1,190°3 1,192°3 
1,196 °3 1,198°3 
1,205°3 207-3 
1,206°1 1,208 -0 
P2161 1,218°-1 
1,220-1 1, 222-1 
1, 247-1 1,248-6 |Five rapids. 
1,247-5 1,249-0 
1,251 -5 1,254°5 
1, 2550 1,257 -0 
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APPENDIX M. 


PRELIMINARY RECONNAISSANCES REGARDING STORAGE POSSI- 
BILITIES OF THE GATINEAU RIVER WATERSHED. 


A. J. Matueson, August 13, 1908. 


Big Kegama lake north of the Pickanock river, has an area of about 3:4 square 
miles. The shores are high and would stand a raise of 20 feet without doing much 
damage. This year the water was raised 8 feet by a lumberman’s dam at the foot. 
The dam is about 10 feet high and 100 feet long, but is on a poor sandy foundation 
and requires constant care to keep it from washing out. At present the flow from the 
lake is about 50 cubic feet per second. 

Little Kegama lake is about 34 miles south of Big Kegama lake. The creek con- 
necting the two is very crooked and has several ponds on its course. Its length is 
about 10 miles, with a sand and gravel bed. There are no falls nor rapids, but there 
is a slope of about 15 feet in the total distance and the water is rapid. 

The area of Little Kegama is about 2 square miles and the shores are high and 
rocky. There is a lumberman’s dam at the lower end, about 8 feet high and 50 feet 
long, on rock foundation. This could be raised to 15 or 20 feet without material 
damage. There is only one house, which is at the upper end of the lake. 

All the spring flow from both lakes could be retained in the Little Kegama by a 
dam about 15 feet high and 50 feet long, and discharged into the Pickanock river 
later in the season. ; 

Lac Dumont empties into the Pickanock river from the north side about 35 
miles from its mouth. The lake is about 7 square miles in area and the shores are 
steep. There is a lumberman’s dam at the lower end, about 9 feet high, 50 feet wide 
at bottom, and 120 feet long on top, with a 15-foot stop-log opening. The dam is on 
rock foundation on the east bank, but the centre and the west bank is boulders and 
gravel. It could easily be raised without doing much damage, to a height of 15 or 20 
feet, which would hold all the spring water. There is a fall of about 200 feet between 
Lac Dumont and the Pickanock river. The Little Dumont, which is between the two, 
is at present held by a lumberman’s dam 8 feet high and could not be raised without 
flooding surrounding country to some extent. The larger lake is sufficient for storage 
purposes. The stop-logs were put in August 10, to collect the water for next spring in 
Lae Dumont. 

The Pickanock river rose 8 feet at some points this spring. 

Squaw lake, which is about 2-3 square miles in area, empties into the Pickanock 
river from the south side about 3 miles west of Dumont river. There is a lumberman’s 
dam at the foot of the lake about 8 feet high and 100 feet long on rock foundation. 
This could be raised to 12 or 15 feet, which would hold all the spring water without 
doing much damage. A low side dam about 50 feet long would also be required to shut 
off a by-pass. 

Lake La Peche, at the head of the Peche river, has an area of about 3 square miles. 
There is a lumberman’s dam at the foot of the lake now a few feet high on a good 
boulder foundation. This dam could be raised without material damage to a height 
of 10 or 12 feet to hold all the spring water. At low water the Peche river is prac- 
tically dry. 
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Lake Couagama, which has an area of about 3 square miles, empties into Pythonga 
lake. At the foot there is a lumberman’s dam 87 feet high and about 200 feet long on 
rock foundation. . 

Pythonga lake has an area of 8-5 square miles and empties by Hibou creek into 
the Eagle river on the north side. At the foot of the lake it is sandy, but there is a 
lumberman’s dam at the mouth of Hibou creek 4 feet high on rock foundation. This 
dam could be raised to about 15 feet, and would be about 200 feet long at the bottom 
and about 400 feet long on the top. It would hold all the spring water, according to 
Mr. Armstrong, the bushranger for the Gilmour Co., who built the present dam. 

On Petewagaman lake; between the Gatineau river and the Gens de Terre, there 
is a lumberman’s dam 8 feet high and 150 feet long on top, on rock foundation. The 
area of the lake is about 10 square miles, and this could be raised to 10 feet or 15 feet 
and hold all the spring water. Some of the smaller lakes draining into it are already 
dammed by the lumbermen. — 

The Gatineau above Petewagaman lake is flashy. After a heavy rain there is a 
sudden rise in the water. The spring flood runs off here in about two weeks. 

On the east side of the Gatineau, a series of lakes with rapids between empty into 
Baskatong lake, which is the same level as the Gatineau. Silver lake, with an area 
of about 7 square miles, could be stored to a height of about 10 feet or 15 feet, with a 
‘dam 150 feet long, the foundation for which would be rock. 

Below this there is a rapid emptying into Georges lake and then Lake Coganigog, 
both of which are comparatively small. They flow into Piscabosine or Baskatoshin 
lake, which has an area of about 6 square miles and could be raised 15 feet or 20 feet 
by a dam 80 feet long at the foot of the lake. The foundation is rock. 

From Piscabosine lake to Lake Baskatong there is a fall of 25 feet or 30 feet along 
the Piscatosin river. Baskatong lake has an area of about 20 square miles and is the 
same level as the Gatineau and fluctuates with it. The Baskatong river connects the 
two and the current is sometimes reversed when the Gatineau rises. The Baskatong 
river is deep except at each end where there are sand bars; the bottom and banks 
throughout are of sand. © 

Baskatong lake was 17 feet higher this spring than it was on August 25, and this 
is about the limit to which it could be conveniently raised. To effect this a dam should 
be placed at the head of the Baskatong rapids on the Gatineau river, about a mile 
below the mouth of the Baskatong river. The rapids are over a granite boulder bottom, 
and the greatest depth at present is 3 feet in the canoe channel. The fall at present 
would be between 5 feet and 10 feet. Rock shows on the west bank at the foot of the 
rapids, and on the east bank about 800 feet above the head of the rapids, so possibly 
the boulders in the rapids may be near the rock surface. The banks at the dam site 
are of sand and gravel; the east bank being about 18 feet high and the west 25 feet to 
30 feet high. Rock also shows about 800 feet from the dam site on the east bank. 
The river at this point is about 310 feet wide and the bottom is fairly level. 

There are no rapids on the Gatineau above Baskatong for about 15 miles. 

The Gatineau river backs up into Lake Joseph, a small lake on the east side of 
the river about 10 miles north of Maniwaki. 

Between Gracefield and Maniwaki east of the Gatineau river is Grand Lake 
Commissionaire or 31-Mile lake, which has an area of about 22 square miles. At 
the south end of this is Penichangan lake, with an area of about 5-7 square miles, 
which flows into 31-Mile lake. There is a lumberman’s dam at the foot of Penichangan, 
and a total fall of about 15 feet to 31-Mile lake. There is also a large number of small 
lakes emptying into 31-Mile lake. 

At the north end of 31-Mile lake there is a lumberman’s dam about 6 feet high 
and 60 feet long on rock foundation, with two stop-log sluices 8 feet and 12 feet in 
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length and 6 feet deep. This dam could easily be raised to 15 feet to hold all the spring 
flood without doing much damage. 

Thirty-one Mile lake flows into Mitchell lake with a fall of about 5 feet below the 
dam. Mitchell lake empties through a short creek into Old Woman lake. At the foot 
of Old Woman lake there is a lumberman’s dam on rock foundation about 35 feet long 
and 8 feet high, with a stop-log opening 8 feet by 8 feet, raising both lakes and giving 
a combined area of about 1-5 square miles. Below this dam there is a fall of about 10 
feet to Round lake. . 

Round lake has an area of about 1-5 square miles, and at its foot there is a 
lumberman’s dam 6 feet high and 40 feet long on top and 15 feet long on bottom, on 
rock foundation. This could be raised to 15 feet. Below the dam there is a short 
creek leading to Rat lake, with a fall of from 25 feet to 30 feet. ; 

Rat lake has an area of about 2-6 square miles and flows through Post creek 
into the Gatineau, with a fall of about 10 feet or 12 feet. There is no dam at the foot 
of this lake and every year the high water in the Gatineau backs up and raises the level 
of the lake about 10 feet. 

The total fall from 31-Mile lake to the Gatineau is about 60 feet, and it would 
not be feasible to put a dam in the Gatineau to force the water up that much. All the 
local spring flow can be retained in these lakes with comparatively small dams. 

The water in 31-Mile lake is sometimes raised 6 feet twice in a season. 

The water surface of the Gatineau river at Maniwaki bridge on August 22, was 
26 feet below coping of pier, or 24-5 feet below high water this spring. 
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APPENDIX N. 


MR. R. W. FARLEY’S REPORT ON THE STORAGE POSSIBILITIES OF THE 
RIVER DU LIEVRE WATERSHED. 


In the matter of regulating and controlling the flow of the River du Lievre, I 
beg to report as follows :— 

As I previously informed you, I was during the season of 1904-06, employed to in- 
vestigate the possibility of using the large lakes at the head-waters of this river as 
storage reservoirs for the purpose of equalizing the flow of this stream for power pur- 
poses. The results of my investigation and enquiries are to a large extent embodied 
in Schedule A, B and C., hereto annexed. 

This river has a watershed of some four thousand and forty-three (4,043) square 
miles. The flow as measured by pneumatic meter at Buckingham, during a’ period 
of extreme low water in February and March 1905, I found to be one thousand seven 
hundred and sixty (1,760) cubic feet per second, and the flood flow may be taken as 
twelve thousand five hundred (12,500) cubic feet per second, but this latter extends for a 
period rarely exceeding a few days during the month of May. 

The mean flow for a period of seventy-five (75) days, from the 1st of May to the 
15th of July, may be taken as nine thousand (9,000) cubic feet per second. This river 
is used for power purposes and the flow could not be artificially reduced below some 
three thousand (3,000) cubic feet per second without causing serious complaint. 
Assuming, therefore, that six thousand (6,000) cubic feet per second can be stored 
this will mean 183 square miles one foot deep per day or one thousand three hundred 
and eighty-seven and one-half (138734) foot miles for the 75 day period. 

I submit herewith tabulated statement of the principal lakes which can be used 
for storage purposes, together with their areas and approximate capacities. Schedule 
A. 

The storage capacity of areas Nos. 1, 2, 3, 4, 5 and 6 as shown in Schedule A, 
is the caleulated amount which can be collected during the autumn season, based upon 
the measured low water flow at the outlets of these lakes. See schedule C. For power 
purposes the storage basins have to be drawn upon during the dry period in summer 
and refilled during the autumn and it would be useless to create larger reservoirs 
than shown by this schedule. Where the object is to regulate the spring freshets a 
much larger capacity can, in certain cases, be provided, as shown by schedule B. 

The question of damages by flooding of arable land or the destruction of valu- 
able timber, together with the rights of settlers located in the vicinity of lakes and 
water courses was carefully considered in deciding the height to which dams should 
be erected and the elevation at which water could be held, and very little if any damage 
will be caused by creating the reservoirs shown in schedule A. 

In the case of the increased pondage available at White Fish lake and Lake des 
Sables—Nos. 7 and 29—by placing the proposed dam upon the main river and 
immediately below the outlet of the former lake, a body of water containing 17,305 
million cu. ft. or say 627 foot miles, will be created. This dam would be well down 
the river, being only some fifty (50) miles north of Buckingham, within easy com- 
munication by boat or telephone and any change in regulation thereof would be effec- 
tive in the Ottawa river 24 hours after it was made. 

At the point proposed for this dam the river bottom is rock and no serious diffi- 
culties should be encountered in constructing it. 
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It is true that a certain amount of arable land will be inundated but this will 
be trifling when the pondage thereby created, together with its other advantages, are 
considered. 

There are no settlers in the vicinity of any of the other lakes mentioned in sche- 
dule C and no damage will be caused by the proposed dams. 

I hand you herewith plan of the watershed of this river, as determined by limit 
surveys for the Department of Crown Lands, Quebec, showing the proposed location 
of the principal dams numbered to correspond with the schedules. A considerable 
portion of this territory is as yet imperfectly surveyed and a number of lakes exist 
which are not shown upon this plan. 


SCHEDULE A, 


Elevation » Storage 
Reference Area, of Dam Capacity 
Names of Lakes, Millions above Million 
No. Sq. Ft. Low Water.” Cu. Ft. 
Me epee § Coulotte and Nemiscachinque.................0ceecee 610 9 5,490 
Pipe epee ae Mejemangoos tits .i0s Spear ya | Soa oe eee ten Ale onten Wees tie 302 12 ! °, 3,790 
Sa Weer. TAT ca ee ie arate Merete os Wea Gat Mirae a ES ey Ab UN 180 7 1,260 
CSAP a ee soaps WD ar COTE is Wee PEN OTe ore eT aot Ce ete Smt alc 153-3 5 788 
LIP wath Beare PDE Geter Die eh Eves etek e RRs rae aeiPew a ee 55°8 224 1,262-7 
C6 Be Se aS DI SSHOULS Ses co ae RSE Rie oe Oe PRA nl te arena en aes 111-8 10 1,140°5 
Vache ett Wibi tel Bish cc 5.) ko eee ete eee Te ee TORE a ae 613 15 9,185 
Sores Green Croche-and HiG@uye <5 5 <-6 sens sate ee ee ee 96 8 788 
deer gina tater orall @) Pain es Rae M A Cet Mea Be nls tt ep ei Ae I RRC IES Ree NIL N ool bee nL Se 46 8 388 
MO seers cisoete. « Pricstiandiot® Germain enacts tae nak eee 28 8 224 
DD carers USP ISA aunCae dene eer Eee cot CURL ne ee oe eee 20 10 200 
AbD Stowe odes da DW CAM aie ade Aare ice £5 RO Ne ee ee 30 8 240 
Pose see or COS i Fe gi A te eng Oey aoe eid Se ap RMT era Wet mabe weak ayes 27 8 216 
14 Poche Hrancois'and one \s) 4. jae eee 53 8 416 
iV Reye Ore ne houges and, Des dale sor ss, o.i6 so Fe he Ae cee 177 8 1,416 
UGsccenees Pike corse:and) Gauvantne cs os eee eee 150 8 1,200 
a Ni Oe PRE 3 oe Mi Oren wei ees 0 ES TAN Ee ein a eee a BADE Ge iy ge 63 8 504 
AS eee eet Des:Cormesiand Pike aan: cer a ae ees 85 8 680 
POR ES Visson‘and) Vieille eset. : Mek seb tls eee 0 ng ies 7 8 56 
DOM cies PUL We Wil LtO= ERA CGH ce eam UN beer sears ee ecole Rs 63 8 504 
Fel tie A ag dpe EOrcupine ATC  WiINGIEMsnc. ..- ean veuteot ee ee ee aoe 58 8 464 
Da rai ao OSV BSH Rises. ys et vere au Te sts <P pv 8 ap tleaa ie! at mh bd 56 8 448 
QS doles iae PDA TICE 6:4: in ci) is us oh. & 4 aNaoattedons Cie eam et areata 78 7 546 
DA oer Sees OUD DON La eee ope atc Oe nen eps a ee 47 8 376 
PAE ene A Red Pine tine t 2 pei ee ot Ve CO gin ee a alae ae 30 8 240 
DGS te ous CIOs rec tera ape ete iar te ceeaee erect so eae es SE a a oe 10 8 80 
QTM ET aaees Windigoiand Dore. se ane: ice 8 tan Spiel by ad ee 112 7 784 
OS rr aes Wazanangurahéeaiies ios 2s coh on ee ae er abe ae 179 8 1,432 
DON ne. eee Lake’ dés Sableats, Going a ie TO ne ees 110 8 880 


3,550°7— 1,252 ft. mls.| 34,908-2 
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Elevation Storage 

Reference Area, of Dam Capacity 

Names of Lakes. in above in Sq. miles, 

No. Sq. Miles. Low Water. | 1 foot deep. 
1 eaten ha got Coulotte and Nemiscachinque...............+---+2005 21-9 15 328 +2 
Danika Aare MGIe Mam s OOS Mee ere teeta he on caa ee eased arate eile avstac een 10-9 20 216-6 
See eee TRE T lcs eee ea ee ee Oe eee omen oat See aha oietos Secs verr aay 6-4 7 45-2 

4c eee TB aC O/2 ab te sea shane iA ai ACE lene tN i Ce Sr 5-4 5 28 °3 . 
eee 8 roe SENDOM baer terra cees eee Ne er attrs Baya en santa wis ain annvate 2-0 224 45-3 
G22 es DS SHOES eet Scere ed eRe as, nate e Bins pacientes 4-0 15 60-1 
Cf ncaa enter PWT te TE Shas otc niet, iy ees erties Bal eee naguith a recsoare renee 21-9 25 549 -7 
Sie sol: Greens Croche and) hOuger . 2 suesmiiaise aoret eieisiels scsiehoreneress 3:4 8 28 °3 
CT nts rot oeZase ROHL BIR oe CER RCRA Sark ep as po le i AI ap A ee 1:6 8 13-9 
TOS ene Dyieut and Ger Germial nee ce Sees Sanh Fl his Se 1:0 8 8:0 
Pile tone COT ERY 0 Vai eee cuties chee! ote Piel ace et isareticl tn Rane Ma meee ieee 0-7 10 7-2 
Deer stiles: TUE EG. S696 bireraminegage coders Dural ikke BOT REA son et Re ee en 1:0 8 8°6 

Ps cio CELA TA ee it ee nae nen et ere Nes Sieh a 2 Shes 0-9 8 7°75 
Ge easectien Seale Poches Prancois andmonoe ces ole ote seis se aes . 1:9 8 14°9 
Teese ouves and: WES slese weiss ut sciciuns says cisensievepe wane ohn 6:3 8 50°8 
TGQ IRikes Wcorse andiGaltviticrteer . 6 tite cio eins oe ail seetar es susie 5°3 8 43-0 
Vie ee NE OTOS Eee ee rae eel tis thie god Reka abe ve is 222 8 18-1 
See eee es Des: Cornestand eri kee sere eta csle ceo oe eel srtne cuss) sewer iacaic 3:0 8 24-3 
VOC ee MiSSON TIC VACIIO one e ote eh ee ee rab ahnlenteeamertiwe ete eral 0-2 8 2-0 
DOS wee nee BralesWihite-Bire lcs ceo csstlo ee ce eres ace os ausesiohake 2-2 8 18-1 
OH War ciae 305 Porcupine and Windigo.........-.-.-++eeeeee eee eens 2-0 8 16-6 
ANAS Deg High teeees cae aii SE ee ls ak eva 2-0 8 16-0 
Be Pais & Renate IES DATOO RN ee Mae Len a ae See lere sist Sein ayy lacs io eteaat ai 2-7 15 42-0 
2 VR Nerds or aha SE UA DOV eet re eee eat tea c a eteradehe atl aoe ae 1-6 8 13°5 
DRM aes rics Reds Pirie ee ee anata nl aang, Cae cae 1:0 8 8-6 

IG CEO re ee eee ae Mya Rh ns pee Me LIS piste Ria wets 0:3 8 2°85 
OU ene ae Windieormnd Doren mrs sec cal. als i stanosae ators cise oyenic 4:0 7h 28 -2 
DR ee: WA ZATIASCUANGGCAT en Sees nein cre Semi te oiake eaves ini oie’ aah opel 6-4 14 89-9 

OO ere ct ake Gest Oa Plein ee cee ee ee settee a cones aaa ome 3:9 18 GALT 
Eee eee es eee nities eeu aden hi Slip obnaareyc eaters. [Io eeqam totes netetel 1,807 -0 


SCHEDULE 0. 


Low water discharge of the following lakes, measured 
August, 1904. 


1. Coulotte and Nemiscachinque, 700 cubic feet per second. 


2. Mejemangoos 626 “ Ss 
3. Kiamika 162 me a 
4. Du Cerf 162 Y & 
5. Serpent 116 4 e 
6. Des Ours 110 és " 


at outlets, July and 


Reference No. 


1, 2and 24.... 


Mcafee ase) eels see 


CRO 80 SO i Aarne 
eis eee See 65a le 


pi e\e- 2 see ore ecRre 


ao meee eral ea am 6% 
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SCHEDULE D. 


Names of Lakes. Natural Features. 


Coulotte, Nemiscachinque and Wagua- These lakes are upon the extreme head-waters of the 
ey. » River du Lievre and close to the height of land, separ- 
ating this river from the St. Maurice waters. There 
are no settlers in this section of country and little or 
no arable land in the immediate vicinity of the lakes. 
‘here is a considerable quantity of timber but little 
of it will be effected by holding water to height of 
proposed dams, 

ARIANA) pd tee cs. Wastes ete eiuee This lake is surrounded by an agricultural country, 
with a considerable number of inhabitants, but no 
damage will be caused by holding water to the height 
of the low dam, 7 feet, proposed. 

SL uuCertowchan ie orl panes oet eee eA There are no settlers in the vicinity of this lake, and no 
damage would be caused by daming water to a much 
greater height than proposed, 5 feet. The west shore 
of this lake is, however, low and swampy and it would 
be impossible to hold the water to a greater elevation. 

OSTPeU tice oem gee ee There are two or three settlers upon the shores of this 

; lake, and a few arces of their land will be inundated 
by proposed work, but the damage will be trifling; 
no timber will be effected thereby. There is very 
little arable land in the vicinity of this lake and the 
banks are high. 

DesiOurser ete eee There are no settlers around this lake. The banks are 
high and mountainous and no arable land will be 
affected by proposed works, 

White Fish and Lake des Sables.....|There are a number of settlers around these lakes but the 

banks are, in most cases, high, and the amount of arable 

land inundated by the proposed works will not be 
great. A small saw-mill at the outlet of White Fish 
lake is operated during low water. During the spring 
floods water backs up from the river into this lake, 
cutting off power from the mill. 


Green, Croche and Rouge............|There are one or two settlers around these lakes but 
they will not be effected by proposed works. 

CLES ER torte let) Pe Rag eee Clin Te aeons The land around this lake is all settled, but a dam already 
exists at the outlet and no damage will be caused. 

Priest and St, Germain.............. There are a number of settlers round these lakes, but 


lumber dams already exist upon the outlets and no 
damage will be caused. 


Dui Pinsand: Du Campesinos There are settlers around these lakes, but the banks are 
high and no damage will be caused. 
OInKa. pemee te e enone a There are no settlers around this lake and no damage 


will be caused by proposed work. ; 
Poche, Francois, Long, Rouge and Des|The land around these lakes is practically all settled, but 
Isles. there are already lumber dams upon the outlets and 
the banks are high; no damage will be caused by pro- 
: posed works. 

Pike, Ecorse, Gauvin and Moreau....|There are a number of settlers round these lakes, but 
the banks are high and very little arable land will be 
flooded by proposed works, } 

Des Cornes and Pike................ There are one or two settlers in the vicinity of these 
lakes, but little if any land will be flooded or damage 

: done by proposed works. 
Visson anid: Vicillé.joos4 ec 6 ara The banks of these lakes are hilly and very little land 
‘ will be flooded by proposed dams, 
Brule, White-Birch, Porcupine, Win-|There are no settlers in the vicinity of these lakes; lum-.- 


digo and Dog Fish. ber dams already exist upon the outlets and no dam- 
age will be caused by proposed works, _ 
(Papanioer s wcic ie meses le oe There are no settlers in the vicinity of this lake; the 


banks are high, a lumber dam already exists thereon, 
‘ Medes and no damage will be caused by proposed works. 
Waguabey, Red Pine, Windigo and/There are no settlers in the vicinity of these Jakes; the 


ore. banks are high and no damage will be caused by pro- 
posed works. : 
Ech OGN ae er ee eek fat ae ee There are settlers round this lake, but the banks are high 


and little if any land will be flooded by proposed works, 
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HANDLING OF BOATS IN RESTRICTED CHANNELS, CURVES, &c. 


The following questions referring to the handling of boat traffic on the Great Lakes 
and to transportation generally were thoroughly discussed with Captain Norcross of the 
Wolvin fleet, one of the most experienced captains on the lakes. The fact that Captain 
Norcross is practically in charge of the fleet, owned by the Messrs. Wolvin of Duluth, 
Minn., shows the high esteem in which he is held, and great weight is attached to his 
opinion on matters relating to lake transportation. After full discussion of the ques- 
tions put to him, he was kind enough to give in brief form his answers in writing. 

Q. The Ottawa river route is not a canal but rather an improvement of the 
river. It therefore becomes necessary to have excavated channels in rock whose edges 
are out of sight below the water. What in your opinion would be the proper width 
for these channels for safe navigation of a modern lake vessel ? 

A. It has been demonstrated in all channels that we have dug in the United 
States for the acommodation of a 10,000 ton vessel, that 300 feet 1s as narrow a 
channel as can be used where vessels have to pass each other. In my opinion it is 
necessary to have a channel 500 feet wide to permit of steamers passing at full speed. 

Q. The Stribling Point bend at the foot of Sugar island is the sharpest on the 
lake route, Duluth to Buffalo. Do you consider it safe to navigate this bend day and 
night ? 

A. Ido. The fact that all our largest vessels are in the habit of navigating the 
Sault Ste. Marie river at all times night and day, and have never yet had an acci- 
dent on this bend assures us that it is perfectly safe. This would also apply to the 
bend at the Sailor’s Encampment. The only accident that has ever occurred at this 
point was caused by defective steering gear. 

Q. These bends are made more difficult by a cross current, are they not? 

A. Yes. 

Q. Is it more difficult to make a bend to the left or to the right? 

A. It is always more difficult with a large steamer to make a bend to the left 
because if one finds that after putting the wheel hard to starboard that the vessel is 
not going to make the bend without colliding with the opposite side of the channel 
it is impossible to back up, because in backing hard on the steamer the tendency to 
swing her stern to the left also, but in making a right hand turn if you find the 
steamer is not swinging fast enough it is easy to back, so reducing her speed and 
throwing her stern to the left, will bring her in line. 

Q. We understand that it is the best, Captain, to have each leg of the channel 
marked by range lights, and in addition to this it would be a good thing to have 
small crib blocks at intervals placed close on the edge of the channel ? 

A. It would be a great advantage. 

Q. When an island bars the channel would it not be better to fork the channel 
so that down-boats would pass.on one side of the island and up-boats on the other. 

A. Far better. 

Q. The next matter is locks. What would you consider a proper size for the locks 
on this route? 

A. I would suggest that you would build locks 800 feet long by 100 feet wide. 
In my opinion it is necessary to have some play for a large steamer entering one 
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of these locks; with a small vessel it does not do any harm if the steamer bumps the 
walls, but with 15,000 tons, taking the weight of the steamer and also the cargo into 
consideration, it would be a serious matter to collide with one of the walls, 

Q. What is the practice as regards investment in lake steamers, namely, on what 
basis are they built and furnished to the owners? 

A. The practice on fresh water in the United States of financing and building 
steamers is to form a company with a capital stock of about half or a little more 
than one-half the cost of construction. This capital stock is all paid in, and the 
balance -bonded, the shipbuilding company taking all the bonds maturing them at 
the rate of ten per cent a year, the bonds to pay interest at five per cent. 

Q. Has lake transportation from the owners’ point of view proved a profitable 
investment ? 

A. Any first-class vessel from 7,000 tons upward paid stockholders ten to twelve 
per cent on the original investment, retired their ten per cent of bonds, paid the 
interest on their bonded indebtedness, and in a great many cases put ten per cent of 
the whole value of the vessel in a sinking fund. 

Q. Therefore the rates that have existed heretofore have been fairly profitable. 

A. Yes. 

Q. Has there been any trouble in getting grain away from the upper lake ports? 

A. No. 

Q. Have you experienced trouble at Buffalo owing to the inability of the rail- 
ways to take care of business and limited storage ? 

A. Yes, 

Q. What do you consider the advantages of lake navigation from the head of 
the lakes to the seaboard ? 

A. The advantages of a through water route to the seaboard over a lake and rail 
route, would be a saving in rates and also time in delivery. 

Q. What do you consider the advantages of this route as against the St. Law- 
rence route both on east and west bound traffic? 

A. Grain can be carried from Port Arthur through the Georgian Bay Ship 
canal route at about 2 cents per bushel, in comparison it costs about 14 cents at an 
average freight rate to Port Colborne, add to this a half cent for transfer, then 
allow 23 cents freight to the 2,000 ton vessel which will have to carry it from Port 
Colborne to Montreal. 

Q. What is the most satisfactory method of marking out the channel, by buoys, 
cribs, side bankg or range lights, or by what combination of these?:- 

A. Buoys and range lights and gas buoys on turns, cribs instead of buoys if 
possible. 


Note.—Commodore Norcross considered that the least width of channel for safe 
navigation under the following conditions should be:— 


Single boats. Boats passing. 


(a) In roekvabovewater ).% (Sr wae ee Om BOPEE 300 ft. 
(b)" In"roek ander“swater’ 22 4° a Bonner 300 ft. 
(c)* ‘Tn ‘earth above water. 55. 8, SO a aaa 300 ft. 
(7) In earth under water:.°.2° 2) > 1 5°24) 900°F#: 300 ft. 


In support of this he said: ‘While it would be possible for a large vessel to navi7 
gate a hundred and fifty foot channe] safely, if under slow steam, it would be dan- 
gerous to pass another vessel going in the opposite direction in less than three hun- 
dred feet because steamers and especially barges always take a sheer when passing, 
this being caused by the suction of the two vessels, and if when taking this sheer the 
stern should get close to the opposite bank in all probability it would be necessary to 
stop and back to swing the vessel into the channel again. 
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Q. What do you consider should be the least width of channel for safe naviga- 
tion on curves? 

A. It would depend on the abruptness of the curve. A vessel’s stern should be at 
least 100 feet from the bank while her bow is following the centre of the channel 
around a curve, and double that distance if it is necessary to pass another steamer 
or tow. 

Q. From the present indications what do you consider the smallest size of lock 
required t o take any boat which would be likely to use the Georgian Bay Ship canal? 


A. j.cugth, 800 ft., breadth, 100 ft. and draft on sill, 23 ft. 


Q. Is there any considerable inconvenience caused to boats at the upper entrance 
to the Canadian and American locks at the Soo owing to the current developed in 
filling the locks? 

. Very much inconvenience. 

. Is there an undesirable current in these locks when being filled? 

No. 

Is there an undesirable current in these locks when being emptied ? 

. Yes. 

ts there an undesirable current below the lock when it is being emptied ? 
Not very. 

What fenders do you find most satisfactory along entrance pier ? 

. Wood fenders on cribwork but not floating ones. 

. Do you consider it necessary to have fenders in locks and if so vertical or 
horizontal, or both? 

A. It is not necessary but desirable. If fenders are used they should be horiz- 
ontal. | 

Q. What fenders do lake boats now carry? 

A. The largest class carry none. Boats of 7,500 ton class carry horizontal fen- 
ders, but these will be done away with. 

Q. What is the speed at which lake boats pass in dredged channels from 200 to 
500 feet wide? 
| A. Boats can safely travel six miles an hour in dredged channels 200 to 300 feet 

wide. In a channel 500 feet wide they would travel full speed. 

Q. What is the general tendency as to size of boat, that is length, width, and 
draft? What in your opinion will be the probable size of a common type of lake 
carrier for the next few years. é 

A. The general tendency for purely transportation companies is 9,000 ton class 
545 feet long, 55 feet beam and 21 feet deep. The steel corporations build larger. 

Q. How high should the top of mooring piers be above water? 

A. About six feet. 

Q. How far apart should mooring posts be? 

A. One hundred feet. 

Q. Why are floating fenders objected to? 

A. Because being so narrow they bring the whole impact of the vessel on a nar- 
row surface, and they also frequently turn edgewise. 

Q. What is the quickest kind of a post to put lines on? 

. Any iron post that is above the level. 

. Are the countersunk buttons as used in Montreal harbour liked ? 

. No, these would not be liked for canal work. 

. Is there a current above the Poe lock when the lock is filling ? 

. Yes, there is a current and boats pull so hard on their lines that it is neces- 
sary to back the engines. 

. What about fenders in locks? 

A. There should be a rub timber along the walls to prevent the countersunk 
heads of plate rivets being worn down by the constant friction along the sides. A boat 
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that floundered last fall (1905) probably burst apart on a line of rivets that had been 
worn away. I have actually seen the wearing away of rivets on a boat that was 
locked. 

Q. What about splay wall approaches to locks? 

A. I think that the wall on the starboard side should flare at 1 in 10, say 60 feet 
flare in 600 feet length. 

Q. Is there any surge in the Soo locks while filling and emptying? 

A. In the American lock there is quite a surge, in the Canadian lock there is no 
surge, but in both locks the undergoing current drags down a boat. There have 
been no accidents. 

Q. What will be the future size of lake boats? 

A. They cannot be built much larger until the terminal facilities, docks, etc., have 
been improved. Boats will probably be 625 feet long by 70 feet beam. I think a 
boat of 7,500 tons all that is needed, say 480 feet long by 52 feet beam. Such a boat 
would require a lock 500 feet by 60 feet wide. 

Q. What do you think of the future outlook of the Ottawa route? 

A. If the round trip from Port Arthur to Montreal can be made in fifteen days 
it will completely revolutionize the transportation trade. A rate of 2 cents per bushel 
would be given to Montreal. 

Q. Will not 21 feet be the governing draft indefinitely, through the St. Mary’s 
river and between Lakes Huron and Erie? 

A. I think 21 feet will be maximum draft for a great many years. 

Q. Are the Lake Superior and Lake Erie harbours of sufficient depth to ac- 
comodate a draft, greater than 21 feet? 

A. Harbours on Lake Superior will accomodate more, but not Lake Erie. 

Q. Where a channel would be limited to say, 150 feet wide in rock, with straight 
sides and 22 feet deep for 20 foot draft, would additional depth to 5 or 6 feet under 
keel, permit better handling of vessels? 

A. No, as vessel would have to be under slow speed. 

Captain Norcross further gave his views on transportation and rates as follows :-—— 

Taking wheat as a basis in 1905 the through sum of rate from the head of the 
Lakes’ to the sea-board via New York Central lines from Buffalo was five cents and via 
canal from Buffalo five and three-cighth cents. This is the lowest freight of the sea- 
son. In the fall it went as high as ten cents via railroad lines and ten and one half 
cents via canal routes: the reason for the preferential in favour of the canal route 
was the assurance of no storage charges and the almost impossibility of securing cars 
from the railroad lines to deliver grain to the sea-board*in time to make connections 
with the ocean sailings. These rates include all charges against the grain except when 
held in Buffalo in elevators for more than ten days, then the charge is one quarter of 
a cent in addition for every ten days or portion thereof. I might say here that the 
shortage of cars at Buffalo in the fall of the year is a very great inconvenience to 
the shipper on account of his not being able to always make connections with his 
ocean space. This would be practically eliminated if the Georgian Bay Ship canal 
route was in operation. If the Georgian Bay Ship canal were completed and capable 
of accomodating our largest and most modern freighters, wheat could be delivered at 
Montreal for two and one quarter cents per bushel. This would be allowing the 
steamer a very good margin of profit. If this canal is built according to the ideas 
suggested to me, by the engineers, it would be possible for a steamer to make the 
round trip from Port Arthur to Montreal and back to Port Arthur, returning without 
cargo in fifteen days, allowing four days to discharge at Montreal. 

I am strongly of the opinion that should you construct the Georgian Bay Ship 
canal, the grain would only be one of a number of products that would be benefitted. 
The advantages and conditions applying to grain would also apply to all through 
freights, east and west bound. : 


Note—See plates 35 and 36. 
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APPENDIX P. 
DATA RELATING TO CHANNELS CONNECTING THE GREAT LAKES. 


Prepared by Mr. S. J. Chapleau, A.M. Can. Soc. C.E., M. Am., Soc., C.E. 


A review of the improvements to the channels connecting the great lakes, 
Superior, Huron and Erie, may be useful in formulating an idea as to the existing 
drafts therein, and also as to the possibilities of future development in that direction. 

The first improvement to any of the connecting channels was made to overcome 
the St. Mary’s rapids in the river of that name, or what was then called the ‘ Sault, 
Ste. Marie.’ 

These rapids are about three-quarters of a mile in length and half a mile wide, 
with a fall varying from 16 to 20 feet. The improvement consisted of a canal and 
lock built on the Canadian side by the Northwest Fur Company in 1797-98. The 
length of the lock was 38 feet, its width 82 feet, and overcame a lift of 9 feet. It was 
constructed of masonry with timber floor, gates and sills. The lock was situated at 
the foot of the rapids, the remaining fall in the rapids above being overcome by tow- 
ing. It was destroyed in 1814 by United States troops. 

Without touching further upon the very early history of transportation on the 
Upper Great Lakes, it may be said that the development of the connecting channels 
found its inception in the construction of the flight of two locks and the old canal 
above them at Sault Ste. Marie, Michigan, to overcome the 18-foot drop of the St. 
Mary’s rapids at that point of the river, which formed the first link between the traffic 
of Lake Superior and that of the lakes below. 

The old canal and locks were commenced on June 4, 1853, and the first boat was 
1ocked through on June 18, 1855. These locks were each 350 feet long, 70 feet wide, 
and a depth of 114 feet water on the sills; the lift of each being 9 feet. The building 
of this lock was followed during successive years by the improvement of the harbours 
on the above lakes, by deepening and otherwise, until it became paramount that a 
deeper draft through the ‘Soo’ divide was necessary to accommodate not only the in- 
creased size of the lake carrier built and building, but also the enormous increase in 
lake traffic; the old locks being inadequate to cope with the demand made upon them 
for passage. This resulted in the construction of the Weitzel lock and canal, known 
then as now as the St. Mary’s Falls ship canal; the name being retained during con- 
sequent improvement until we find it applied to the present high state of canal de- 
velopment on the Michigan side. 

The contract for the construction of the Weitzel lock was dated October 20, 1870, 
the first stone of the lock was laid July 25, 1876, and the first boat locked through on 
September 1, 1881. The chamber of the lock is 515 feet long between quoins, 80 feet 
in width, narrowed to 60 feet at the gates. It has a lift of 18 feet (the full drop of 
the St. Mary’s rapids), and a depth on sills of 17 feet; the sills being placed one foot 
below canal bottom for their protection from injury by passing vessels. 

Up to this time the channel in St. Mary’s river below the falls was along the In- 
ternational boundary to the east of Sugar island; this had been improved for a 12-foot 
draft from 1857 to 1869, and for a 16-foot draft during the interval 1879-1883. 

With the completion of the Weitzel lock it became evident that the channel in the. 
river below would in time prove unfit to accommodate the increasing traffic as it was 
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extremely tortuous, thereby difficult of navigation and required exceptional aids to 
navigation in the way of ranges and buoys for definition. 


This resulted in the improvement, during the years 182 to 1894, of the Hay lake 
route, or the Middle Neebish channel to the west of Sugar island, to a depth of 20 feet 
at the mean stage of the Huron level below. 

The same condition mentioned above, namely, the deepening of lake harbours and 
the building of larger lake carriers, together with the greatly increasing traffic which 
they engendered, forced the construction of the two additional locks at the Sault Ste. 
Marie rapids the Canadian lock and canal on the Ontario side, and the Poe lock 
(forming a part of the already constructed canal) built on the site of the original flight 
of two locks on the Michigan side of the river. . 


The Canadian lock is 900 feet in length between quoins in the chamber, 60 feet 
wide, and with 22 feet depth on the sills; it was commenced in 1888 and opened Sep- 
tember 9, 1895. | 

The Poe lock is 800 feet in length between quoins in the chamber, 100 feet in 
width, and with 22 feet depth on the sills; it was commenced in 1887, and opened for 
trafic August 3, 1896. 

With the increased dimensions of the new locks, when under contract, the ship- 
ping interests built to float a cargo commensurate with those dimensions and seem- 
ingly without regard to the immediate channels in St. Mary’s river leading thereto, or 
the connecting channels which join lakes Huron and Erie, divining no doubt, that 
those channels would be so improved in time as to pass the draft defined by the sill 
depth on the new locks. 

This led to the further improvement by deepening and widening of those connect- 
ing channels in St. Mary’s river and since the completion of the Canadian and Poe 
locks a 21-foot depth of water at the mean stage of the Huron level has been obtained 
therein. 

The river from the locks to the Huron level below had, in the original instance a 
definite fall of about 3 feet; its surface fluctuating with that of the lake. The deep- 
ening of the connecting channels therein increased the area of section—enlarged the 
weir as it were—which flattened the river slope and lowered the elevation of the w.s. 
st the foot of the rapids from what it had previously been during corresponding ele- 
vations of the Huron level. 


The elevations of the lower sills, or more correctly the controlling elevations of 
the floors of the Canadian and the Poe locks, were determined by the lowest known 
elevation of the w.s. at the foot of the rapids at the time of building and apparently 
without regard to the effect of subsequent improvement in the river below. 


The result has been that a less depth obtains on the floors of those locks than that 
tor which they were designed, there being less than 19 feet upon them when the Huron 
level stands at the extreme low navigation stage. (Elev. 579-26). 


Since 1897 the tonnage increase has been in excess of 300 per cent; this greatly 
increasing traffic demanded the development in 1903 of a new channel through what 
is known as the West Neebish, joining Hay and Mud lakes. This was completed dur- 
ing the past year and opened for traffic August 16, 1908; it assures the passage from 
the locks to the lake of 20-foot draft—21-foot depth—when Lake Huron stands at its 
lowest known monthly stage during the navigation season. 


The improvement grades in the river above Lake Huron are calculated to afford 
that depth at that stage; or in other words, the grades are set 21 feet below the river 
slope that would obtain were the Huron level at elevation 579-0, which is 0.26 feet 
below the extreme low navigation stage. 


Shoals in the river above the rapids have been removed to insure a like depth at 
ine low stage of the Superior level. 
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The exceptional demands upon the locks occasioned by this increasing trafic, and 
to use the above channels to their full advantage, a new lock is projected and under 
contract on the Michigan side and will be known as the Davis lock. 


It will be 1,350 feet long and 80 feet wide in the chamber, with a depth on sills 
of 24% feet below the regulated stage above, and extreme low navigation stage below. 
The excess depth in the lock over that required for the draft, which is defined by the 
depth in the reaches below, is to facilitate the passage of vessels in and out of the 
Tock. 

The present-canals above the lock on both sides of the river have a depth of 25 
feet below a water surface elevation of the Superior level which can, and will be main- 
tained at or above elevation 601-75 by regulating works above the rapids, and by con- 
trol of the flow feeding the power canal on both sides of the river through agreement 
forced by the International Waterways Commission. 


The upper approach to the new lock is designed for this depth below the same 
plane of the Superior level, elevation 601-75. 

The depth of 25 feet through the canal approaches above is to allow for a suffi- 
cient depth for vessels waiting for lockage when the water surface drops therein dur- 
ing the filling of the chamber. 

Improvements at the lower end of Lake Huron into the head of St. Clair river, 
at points along the river, and through the upper end of Lake St. Clair, have been made 
to adepth of 21 feet below, and across the St. Clair Flats of 20 feet below an improve- 
ment plane of elevation 581-6 which plane was adopted for the lower end of Lake Huron, 
with the water surface of the river, and of the Lake St. Clair corresponding thereto. 
The above elevation is 2-34 feet higher than that of the extreme low navigation stage, 
and 2-6 feet higher than the improvement plane used to determine the grades of the St. 
Marys river at the other end of the lake. 

Should this extreme low navigation stage obtain, there would be but 18-7 feet 
depth in the channel at the lower end of Lake Huron into the St. Clair river and at 
points in that river; and but 17-7 feet across the Flats of Lake St. Clair: 


It seems improbable that a greater depth through the above channels than 21 feet 
during the extreme low stage of the connected lakes will be undertaken. The improve- 
ments date from 1866 in Lake St. Clair to accommodate the 9-foot draft defined 
by the then completed locks—the old state locks—at the ‘Soo.’ They have continued 
since in that and the other channels, to the present time, to accommodate the in- 
creased drafts allowed by the Weitzel, and after, the Canadian and Poe locks; the 
drafts defined by the latter being as yet incomplete. The new Davis lock will pass, 
when completed a greater draft than before—24 feet—but to have that draft through- 
out, will require the channels through the St. Marys river, St. Clair river, Lake St. 
Clair and the Detroit river, deepened an additional 4 feet. This would be a stupen- 
dous undertaking, requiring many years to perfect and a vast outlay of money. 


There are, moreover, few harbours on the Upper Lakes that can berth the draft 
of 21 feet during the extreme low stage at the present time, and their improvement to 
a depth of 25 feet would also, in itself, be an undertaking probably as great as that of 
the connecting channels. 

Tt is a question if the depth of 21 feet cannot meet the demands of the lake traffic 
for the future; 20 feet draft at the extreme low stage means 22 feet to 23 feet draft 
at mean summer level and while each additional inch draft means 60 to 80 tons addi- 
tional cargo—depending upon its nature—in the largest carriers, it would seem that 
the natural increase in the number of lake carriers with probable increased facilities 
at the Sault Falls in the way of more locks of the same present capacity, would suffice 
to pass an increasing traffic at less expense than by the deepening of the connecting 
channels. 


19a—32 
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Further deepening of the connecting channels, above referred to, will impose an- 
cther condition. Increasing the section area of discharge of any channel of a definite 
slope will change that slope and tend to lower the surface of the basin above. 

In the present case an increased area through the Huron to Erie stretch would 
affect the level of the former, not appreciably at first, nor suddenly at any time, but 
would be shown by gradually lower averages of the mean monthly elevation of the 
Huron-Michigan basin and consequently in time, of a lower extreme low navigation 
stage therein. 

The effect of this on the harbours of Huron, the Georgian Bay and Lake Michi- 
gan would thus be felt in time, and perhaps seriously. 

The discharge through the Chicago main drainage canal has its initial effect upon 
the Huron Michigan level, and the question of the amount that shall be drawn there- 
by is at present a question of international moment in which the shipping interests of 
the Great Lakes are much concerned. 

This is referred to in a report of Charles E. L. B. Davis, Lieut.-Colonel Corps of 
Engineers, to the Chief of Engineers United States army, under date of April 10, 
1905 as ‘the only portion of the ship channel not yet provided for under the depth of 
21 feet is the stretch covering Lake St. Clair, the St. Clair river, and the lower end of 
Lake Huron.’ It is presumed that this portion of the connecting ship channels will 
be improved to a depth of 21 feet or more below a lake Huron improvement plane of 
579-0, and corresponding surfaces of the St. Clair river and lake. 

The Detrvit river is under heavy improvement at the present time and the pre- 
sent channel, with the exception of Ballards Reef, has now a depth of 21 feet below 
an improvement plane of elevation 571-0, there being 19-2 feet depth below this ele- 
vation at the Ballards Reef, the first improvement below Lake St. Clair. 

This improvement plane is 0-3 feet higher than the extreme low navigation stage 
of Lake Erie, and 1-8 feet lower than the improvement plane of Lake Erie harbours. 


A new channel known as the Livingstone channel is now under construction in 
the lower Detroit river, from a point in the river above Amherstburg, Ontario, to 
deep water in the lake, which when completed will have a depth of 22 feet in earth, 
and 23 feet in rock below elevation 571-0. 

It will be seen from the above that the limit of draft in the upper lakes is set by 
the prevailing depth in the channels at the lower end of Lake Huron, River St. Clair 
and Lake St. Clair, all being dependent entirely upon the stage of the Huron level. 


It must not be inferred from the foregoing that 19 feet draft is the probable limit 
during the navigation season; a greater draft than that, possibly even up to 23 feet, 
may be possible during certain stages of the lake levels as it must be remembered that 
those stages absolutely control the depths in the artificial channels between. 


As to a future depth in the connecting channels between Lakes Erie, Huron and 
Superior, greater than that of 21 feet during extreme low stage which will eventually 
be completed, the following quotation from a report of Charles E. L. B. Davis, Lieut. 
Colonel, Corps of Engineers, United States army, to Brig. General A. Mackenzie, 
Chief of Engineers (under date of J anuary 12, 1906), may be here given, in which he 
refers to the Livingstone channel in particular, and the connecting channels between 
the lakes in general:—‘ The depth of 22 feet is recommended for this channel because 
the future growth of commerce may warrant the expenditure necessary to secure an 
extra foot over the present depth (21 feet) while the cost of securing 25 feet in these 
channels and tributary harbours will probably be prohibitive, at least for many years 
to come.’ 

In order to present the existing condition of the connecting channels between the 
upper lakes, the depth through the ‘Soo’ locks, and the different improvement planes 
and water surfaces corresponding thereto, the profiles shown page 500 were compiled 
by Andrew J. Swift, Junior Engineer, United States Lake Survey, and the writer 
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from data furnished by the United States Lake Survey at Detroit, Michigan. The 
drawing is sufficiently broad to be self-explanatory. 

With the exception of improvements on the Vidal shoal above St. Marys rapids 
tc a depth of 23 feet, the construction of the Canadian lock and canal, and the im- 
provements of the channels leading thereto, the work of improving the channels con- 
necting the great lakes has been done wholly by the United States government under 
the direction of the Corps of Engineers of the United States army. 

To Mr. F. C. Shenehon, Principal Assistant Engineer, and the officers of the 
United States Lake Survey, our indebtedness is gratefully acknowledged for aid and 
information and other courtesies extended. 
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APPENDIX Q. 


NOTES REFERRING TO CHARTER OF THE MONTREAL, OTTAWA 
AND GEORGIAN BAY CANAL COMPANY. 


Prepared by Mr. A. T. Genest, C.E. 


An Act to incorporate this company was assented to July 28, 1894. (57-58 Vie. 
Chap. 103). 

The petitioners were George Cox, McLeod Stewart, Gordon Burleigh Pattee, 
Henry Kelly Egan, John W. McRae, Thomas Birkett, Olivier Durocher, Alexander 
McLean, Francis McDougall, John Charles Roger, Dennis Murphy, Charles Berkeley 
Powell, John E. Askwith, Hon. Francis Clemow, Sir James Grant, M.P., Honore 
Robillard, M.P., Thomas Ahearn, George Patrick Brophy, Alexander Harvey Taylor, 
Peter Whelan, Richard Nagle, David MacLaren, William Scott, J oseph Kavanagh, 
Philip D. Ross, all of the city of Ottawa; William C. Edwards, M.P., of Rockland; 
William T. Hodgins, M.P., of Hazledean; Alexander Fraser, of Westmeath; James 
Joseph O’Connor, of Port Arthur; Joseph Martin, M.P., of Winnipeg; John Bryson, 
M.P., of Coulonge; George H. MacDonald, of Port Arthur; Hugh F. McLachlin and 
Claude McLachlin, of Arnprior; James Craig, of Renfrew; James Wm. Bain, M.P., 
of St. Polycarpe; Joseph Gédéon Horace Bergeron, M.P., of Montreal; and William 
Owens, of Lachute. 

The first twenty persons named were the provisional directors of the company. 

The capital stock of the company was ten million dollars divided into shares of 
one hundred dollars each. 

The company has the right to issue and pledge or dispose of bonds, debentures or 
other securities to the extent of thirty million dollars. 

The construction of the canals authorized to be constructed, or some of them, was 
49 commence and fifty thousand dollars were to be expended thereon within two years 
after the passing of the Act, and the term of eight years was given to finish and put 
the work in operation. 

The dimensions of the canals were to be such as to make and construct a navi- 
gable channel of at least nine feet in depth between the terminal points. 

An Act to revive and amend the Act of 1894 was assented to October 5, 1896. 
(60 Vic. Chap. II). 

Section 3 of the first Act was repealed and the following substituted therefor :— 

‘8 McLeod Stewart, Alex. McLean, Joseph Kavanagh, Alexander Harvey Taylor, 
Francis McDougall, David MacLaren, George Patrick Brophy, the Hon. Francis 
Clemow, William C. Edwards, William Hutcheson, Napoleon Antoine Belcourt, of the 
city of Ottawa; Thomas Mackie, of Pembroke; James B. Klock, of Klock’s Mills ;s 
Claude McLachlin, of Arnprior; Charles Ramsey Devlin, of Aylmer; William John 
Peoupore, of Morrisburg; Archibald Foster and William Murray, of Pembroke, and 
James Joseph O’Connor, of Port Arthur, together with such persons as become share- 
holders in the company hereby incorporated are hereby constituted a body corporate 
under the name of ‘The Montreal, Ottawa and Georgian Bay Canal Company.’ 


The first six persons named were the provisional directors of the company. 
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Section LN four of the Act of 1894 was repealed and the following substituted 
therefor :— 


‘44. If the construction of the canals hereby authorized to be constructed, or 
some of them, is not commenced, and fifty thousand dollars are not expended thereon, 
on or before the first day of May, one thousand eight hundred and ninety-eight, or if 
the said canals are not finished and put in operation within eight years from the said 
first day of May, one thousand eight hundred and: ninety-eight, then the powers 
granted by this Act shall cease and be null and void as respects so much of the said 
canals and works hereby authorized as then remains uncompleted.’ 


An Act respecting the Montreal, Ottawa and Georgian Bay Canal Company, 
assented to May 7, 1900 (63-64 Vic. Chap. 106), extended the time for the commence- 
ment of construction to May 1, 1900. Section 8 of chapter 103 of the statutes of 1894 
and section 4 of chapter II of the statutes of 1896, were amended so as to include in 
the canals described therein, that part of the navigation comprised between the cities 
ot Montreal and Ottawa. 


An Act respecting the Montreal, Ottawa and Georgian Bay Canal Company 
assented to May 7, 1900 (63-64 Vict. Chap. 106), extended the time for the commence- 
ment of construction to May 1, 1900, and for the completion sf the work to May 1, 
1208. Section 5 of chapter 103 of the statutes of 1894 was amended by adding there- 
to the following subsections :— 

‘2. The directors of the company may pass a by- fy for creating and issuing any 
part of the capital stock as preference stock, giving the same such preference and 
priority as respects dividends and otherwise over ordinary stock as may be declared by 
the by-law. 

‘3. The by-law may provide that the holders of shares of such preference stock 
have the right to select a certain stated proportion of the board of directors, or may 
give the said holders such control over the affairs of the company as may be considered 
expedient. 

“4. No such by-law shall have any force or effect until it has been sanctioned by 
a vote of the shareholders representing at least two-thirds in value of the subscribed 
stock of the company, present or represented by proxy at a general meeting of the 
company, duly called for considering such by-law. 

‘5. Holders of shares of such preference stock shall be shareholders within the 
meaning of this Act, and shall in all respects possess the rights and be subject to the 
liabilities of shareholders within the meaning of this Act; provided, however, that in 
respect of dividends and otherwise they shall, as against the ordinary shareholders, be 
entitled to the preference and rights given by such by-law. Section 22 of chapter 101 
of the statutes of 1904 was repealed and the following substituted therefor :— 

‘22. The company may issue and pledge, or dispose of bonds, debentures or other 
securities as provided in the Railway Act, to the extent of thirty-five millions of 
dollars. 

An Act respecting the Montreal, Ottawa and Georgian Bay Canal Company 
assented to May 15, 1902 (2 Edward VII, chapter 79), extended the time for the com- 
mencement of construction to May 1, 1904, and for the completion of the work to May 
1, 1910, but inserted the following clause :— 

‘2. The company shall not exercise its powers in respect of the section from Lake 
Nipissing to Georgian Bay, otherwise called ‘The French River Section,’ until and 
unless an order of the Governor in Council is passed authorizing the same.’ 

An Act respecting the Montreal, Ottawa and Georgian Bay Canal Company as- 
sented to June 6, 1904 (4 Edward VII, chapter 98), extended the time for the com- 
mencement of construction to May 1, 1906, and for the completion of the work to May 
1, 1912. 
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An Act respecting the Montreal, Ottawa and Georgian Bay Canal Company as 
sented to July 13, 1906 (6 Edward VII, chapter 128), extended the time for the com- 
mencement of construction to on or before the first of May, one thousand nine hun- 
dred and eight and for the completion of the work to May 1, 1914. 

The company was authorized to raise its capital stock from ten million to fifty 
million dollars divided into shares of one hundred dollars each, and to issue and 
pledge or dispose of bonds, debentures or other securities to the extent of one hundred 
million dollars. ; 

Section 48 of chapter 103 of the statutes of 1894 was repealed and the following 
substituted therefor :— 


‘43. His Majesty, His heirs and successors, may at any time, assume the posses- 
sion of, and the property in, the said canals and works, and of and in all the rights, 
privileges and advantages of the company on giving to the company one week’s notice 
of intention to do so; and thereupon all property in the said canals, works, rights, pri- 
vileges and advantages shall become, and thenceforward shall be vested in His Majesty, 
His heirs and successors; and by way of compensation, His Majesty shall pay to the 
company, up to the time of the giving of such notice, in surveying and in the making 
of plans and otherwise upon the ground, together with the value of all tangible pro- 
perty of the company of which possession may be so taken,—such value to be fixed by 
three valuators, or the majority of them, one valuator to be chosen by His Majesty, 
another by the company, and the third by the two so chosen.’ 


The following Act respecting the company was assented to April 3, 1908 (7-8 
Edward VII, chapter 130) :— 


(1) Section 4 of chapter 128 of the statutes of 1906 is repealed. 


(2) The Montreal, Ottawa and Georgian Bay Canal Company may commence the 
construction of its canals or some of them, and expend fifty thousand dollars thereon, 
on or before the first day of May, one thousand nine hundred and ten, and may finish 
the said canals and put them in operation by the first day of May, one thousand nine 
hundred and sixteen, and, subject to the provisions of this Act, may, in connection 
with such construction and operation, exercise all the powers granted to the said com- 
pany by its Act of incorporation, chapter 103 of the statutes of 1894, and amendments 
thereof; and if such construction is not so commenced and such expenditure is not so 
made, or if the said canals are not finished and put in operation, on or before the said 
respective dates, the powers granted to the said company by parliament shall cease and 
be null and void as respects so much of the canals and works of the said company as 
then remains uncompleted. 


(3) Nothing in this Act shall affect or impair the rights of the government of 
Canada, under or by virtue of the provisions of the section substituted by section 5 of 
ehapter 128 of the statutes of 1906 for section 48 of chapter 103 of the statutes of 
1894. 


ao 
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APPENDIX R. 


HISTORICAL NOTES OF THE OTTAWA VALLEY. 
Compiled by C. R. Coutlee, M.Can. and Am. Soc., C.E. 


INTRODUCTION. 


An investigation of the Ottawa would be incomplete without some reference to 
the history of the development of the settlement of the valley and the origin of the 
commerce that has induced thousands of people to make their home and perform their 
life work in the district. 

The valley represents a bay or inlet of a very ancient geological sea, which covered 
everything to the south, and washed the bold gneissic shores—now known as the Laur- 
entian hills—along the north, while the southerly shore of the inlet was the granite 
ridge, which crosses Ontario from Portage du Fort to Brockville and forms the Thou- 
sand Islands of the St. Lawrence. 

The present town of Mattawa represents the head of this inlet, thence up Lake 
Timiskaming to the Cobalt mining region was probably ‘a defile or narrows,’ connect- 
ing the main sea with an interior basin. See plate 3. 

- The floor of this interior basin is from 800 to 1,000 feet above the present Atlan- 
tic, and Grand Lake Victoria is its centre. 

The sources of the Ottawa and the upper 300 miles of its length lie in this in- 
terior basin. It is a granitic area, thickly wooded with pine, spruce and hardwoods, 
and dotted with numerous lakes. There are only a few isolated farms, upon which 
oats, hay and potatoes are raised in connection with the lumber industry. 

The discoveries of mineral at Cobalt and railway extension northward have 
created thriving settlements within the last few years, however, at the head of Lake 
Timiskaming, and thence southward to Mattawa. 

From Mattawa the river, now half a mile in width, flows due east for fifteen miles 
to the head of a series of rapids at Deux Riviéres village. Both shores are rocky and, 
on the north, the river may almost be said to flow along the foot of the Laurentian 
chain. 

Below Deux Riviéres is another river stretch of fifteen miles, broken by several 
rapids and finally plunging down the Rocher Capitaine. The next stretch, bordered by 
bold bluffs like a western cafion, leads to Des Joachims falls, which complete the 
descent of 135 feet from Mattawa to the surface of Deep river. 

Deep river extends, in an almost direct line for forty-five miles, to Pembroke 
The north shore is a bold chain of hills 500 to 1,000 feet above the water, the most 
prominent being Oiseaux rock, whose echo responded three centuries ago to the 
Song and shout of the fur trader. The lower end of Deep river divides around the 
north and south of Allumette island. The north branch is known as the Culbute, 
and the south is Pembroke lake in front of Pembroke. A small rapid, at Morrison 
island, connects this lake with Allumette lake in front of Westmeath, and it, in 
turn, empties through the Paquette rapids into Lake Coulonge, where it is re- 
joined by the Culbute or north branch. Coulonge lake extends about twelve miles to 
Coulonge village, where the stream divides again into a north and south branch 
around Calumet island. The north branch leads by a sandy channel to Bryson, 
where it descends by the Calumet falls. The south or Rocher Fendu branch 
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leads, by some twenty rapids or falls, to rejoin the northern one, about five miles 
above Portage du Fort. 

The Portage du Fort rapids are chiefly above Limerick island; below, the river 
flows between high rocky banks to the Chenaux rapids, which fall one to four feet 
into the head of Arnprior lake. This lake, 16 miles long and 4 wide, lies in front 
of the town of Arnprior, its surface being one hundred feet below Coulonge lake. 

At the foot of Arnprior lake, are the Chats rapids, pouring over a rocky ridge 
into Deschenes lake, which extends twenty-seven miles down to Deschenes rapids. On 
both banks the land has been cultivated for many years. 

From Deschenes down for eight miles, is rapid water, culminating in the Chau- 
diere falls, the descent being altogether sixty feet. 

Below the city of Ottawa, is an uninterrupted river reach sixty miles long, end- 
ing at Grenville and Hawkesbury, whence there is a continuous rapid for five miles 
to Greece Point. From Greece Point to Carillon is a still basin, artificially main- 
tained by the Carillon dam. The fall between this basin and the lake of Two 
Mountains or Oka lake is overcome by the Carillon canal, built by the Royal En- 
eineers about 1830. See page 517. 

Oka lake is twenty-five miles in length,—the last reservoir of the whole Ottawa 
system. It extends from Carillon and Point Fortune past Hudson and Oka villages 
to Ste. Anne and St. Eustache. 

The connection between the waters of the Ottawa and those of the St. Law- 
rence is made by four branches :— i 

The most westerly is the Vaudreuil branch, separating the mainland from L[le 
Perrot. 

Next, the Ste. Anne branch, separating Ile Perrot from Montreal island. 

Then the Back river, separating Montreal island from [le Jesus, and, lastly, the 
St. Eustache branch, separating Ile Jesus from the mainland. 


EARLY VOYAGEURS—1600-1700. 


vB In 1600, the Rideau, South Nation and Rigaud river valleys were occupied by 
Algonquins. The so-called Petite Nation division of this tribe occupied the vicinity 
about Papineauville. The Grand Nation division inhabited Allumette island. 

Samuel Champlain left Montreal (1613) and proceeded up the Ottawa to Allumette 
island, remaining some days with Chief Tessoiiat, who had a village and cultivated 
gardens near the present site of Pembroke. It was decided not to embark in any wars 
that season, so the French returned to Montreal. In 1615, however, Champlain, accom- 
panied by eight white men, passed up the Ottawa to Mattawa, thence to Lake Nipissing 
and down the French to Georgian Bay and by the Trent valley to Lake Ontario. 

Paul Maisonneuve founded Montreal 1642. } 


Nicolas Gatineau dit Duplessis, lived at Three Rivers and traded up the — St. 
Maurice and down the Gatineau river, 1650. 


In 1660, the Ottawa river was deserted by writes from Oka lake to Nipissing, and 
was under the domination of the Iroquois. They had systematically driven out all 
other tribes, to secure the monopoly of the beaver catch, which they sold at Albany 
on the Hudson. 

By the treaty of 1669, they were still at liberty to hunt over the district, but this 
was stopped in 1683 and never resumed. Nevertheless, till 1697 they constantly 
attacked traders. Fights took place at Carillon, L’Orignal, Calumet, Rideau falls, 
Chaudiére falls, Deschenes lake, Calumet island and Lake Nipissing between 1684 
and 1697. Dollard’s fierce fight was to intercept a foray of these savages upon Montreal 
and the ferocious massacre of Lachine, August, 1689, was another evidence of the 
Troquois fury. — 
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Francois Marie Perrot married a daughter of intendant Talon and was governor 
of Montreal in 1670. He obtained a grant of Ile Perrot and became a lawless pirate. 
He was placed in the Bastille, 1674, but afterwards resumed his evil practices. 

Capt. Jacques Bizard, a Swiss in the guards of Frontenac, was town- major of 
Montreal, 1674, and died there 1692. The island at the entrance to Back river was 
granted to him. 

Philippe Carrion du Fresnay, of the Carignan regiment, established a trading post 
in Carillon island about 1665, and carried on illicit trade like Perrot. The name of 
the island has been corrupted into ‘ Carillon.’ 

Daniel Greysolon du Lhut, in 1689, defeated a party of Iroquois somewhere on Oka 
lake. Next year the Iroquois chief, Chaudiére Noir, massacred a party of French 
traders near Carillon and kept the district in terror for five years. He was finally 
killed by a young Algonquin Indian. 

About 1700 France inaugurated a new policy and forts were built along the St. 
Lawrence, which then became the military route, but fur traders still passed by the 
Ottawa river. 

Their canoes, heavily laden with fur, had no choice but to creep along the north 
shore of Lake Superior to the Sault, avoiding the danger of gales by closely hugging 
the shores and cutting from headland to headland. Below the Sault, a fairly sheltered 
passage could be had between the Manitoulin islands and the north shore, leaving 
only about fifty miles of dangerous navigation to the mouth of the French river, 
whence the whole route was very much less exposed to wind than that by the St. 
Lawrence, although very many more portages had to be made. 

This trade, however, only meant a journey up in the early Summer and a return 
during the Autumn, so that no settlement whatever was made along the route during 
the succeeding two hundred years. Even the commerce of the North-West Company, 
although great in itself and pregnant with romance, was selfish in its nature, and 
did not tend to civilize or develop the valley nor to open its broad fields to the benefit 
of humanity or turn its water powers to the manufacture of the world famous pine 
forests, that crested its shores. 

Thus, at the close of the eighteenth century, Ste. Anne was ihe last church 
where the voyageur committed himself to God’s care for the half year, that must 
elapse before he could return to the habitations of his fellow men. 


PHILEMON WRIGHT’S SETTLEMENT. 


It remained for a man from Massachusetts to break the spell of inactivity and 
win to Canada the lumber markets of the world. 

Having made a reconnaissance in 1798 and ’99, he boldly left his interests near 
Boston and, with five families and a score of able bodied workmen, accomplished the 
winter journey with sleighs to Montreal, where they arrived in February. 

His name was Philemon Wright. Of Kentish stock, born at Woburn, Massa- 
chusetts, in the year of Wolfe’s victory, he, in time became, like his father before him, 
a successful farmer and cattleman. 

Land was rather scarce in Massachusetts, and the adherents of the old 
British regime had a none too enviable existence among the extremists of the late 
revolution. He was of Puritan descent and had learnt to do things, but the space 
and environment were not congenial to the attainment of his ambition. Thus we find 
him in mid-winter at Montreal, undaunted by snow and ice, but eager to take a trip 
far into the interior with men, who had never undertaken such an enterprise, and 
during the season, when even the hardy voyageur would never have attempted such a 
feat. 

In a few days the caravan of horses, oxen and sleighs left Montreal, and in five 
days, arrived at the absolute western boundary of civilization, that is, at the head of 
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Oka lake. So far, the party had slept each night in farm houses. Now there was 
no road, no farm house, and the battle began with the forest primeval. A road had 
to be cut through the bush up to the present site of Hawkesbury, a distance of twelve 
miles—which occupied four days. At night the men slept beneath the blue canopy 
of heaven, well content to once more rest upon ground ruled by their beloved old 
Sovereign, George III. 

At Hawkesbury the party took to the ice, which was covered by a foot of snow 
and this was their first experience of such travel. The men preceded the teams, test- 
ing with axes at every step. In this way, on the fifth day (7th March, 1800) they 
reached Hull, which had previously been chosen by Mr. Wright as the site of his 
future colony. 

Without delay trees were cut down and camps built, and; so soon as the snow had 
gone, ground was put under cultivation. By the Autumn of the same year (1800) 
a mill had been built, and the good Massachusetts farmers were delighted at the 
abundant harvests yielded by the new land. 


THE WRIGHT FARMS. 


Farm after farm was brought under cultivation by Mr. Wright, and, in his 
evidence before a committee of the Quebec Legislature in 1823, the following list of 
his cultivated properties was presented. 

‘No. 1. 1800.—This farm was begun by P. Wright, junior, and is called the 
Grand or Ottawa river and was used as a farm for raising stock upon. Owing to the 
spring waters covering it about once every 7 years, sometimes we are obliged to pus 
the stock and cattle on the high lands, as the waters remain about ten days upon 
this fine meadow. This farm is now managed by Sarah Wright.’ 

‘No. 2, .1820.—This farm was begun by P. Wright, and is now superintended by 
T. Brigham, and is called the Waterloo farm; it is chiefly made use of as a meadow 
and hay farm, cleared land, about 120 acres. 

‘No. 8, 1810.—This farm was commenced by E. Chamberlin, and is called Cham- 
berlin farm, and is now superintended by Asa Meech, and has about 200 acres of 
cleared land. . 

‘No. 4, 1817.—This farm was commenced by John Rousenstrum, and is called 
Larnard farm, and is superintended by Larnard, has about 35 acres. 

‘No. 5, 1818.—This farm was commenced by Andrew Sandstrum, and is called 
the Swedish farm, and is superintended by T. Brigham, and is used as a grazing 
farm for the Columbia farm, and has about 15 acres cleared. 

‘No. 6, 1818.—This farm was commenced by David Benedict, and is called Bene- 
dict farm, is superintended by R. Wright, has about 30 acres under improvement and 
is used for grazing, pasture and mowing. 

‘No. 7, 1818.—This farm was commenced by Chase, and is called Richard’s 
farm; is superintended by Richards, has about 80 acres of cleared land. 

‘No. 8, 1821.—This farm was commenced by P. Wright, jr., and is called the 
Chaudiére Lake farm, and is superintended by Charles Sims (Aylmer), has a good 
house and store and lies upon the borders of the lake and ig used as g public stand 
and tavern. 

‘No. 9, 1821.—This farm was commenced by G. Gilson, and is called the Gilson 
farm, and superintended by Gilson, and has about 15 acres cleared. 

‘No. 10, 1821.—This farm was commenced by John Underhand, and is called 
the Buckingham farm, and ig superintended by Underhand, and hus about 2 acres 
of cleared land. ; 

‘No. 11, 1821.—This farm was commenced by Wyer Levit, and is called Tem- 
pleton farm, and is superintended by Levit, and has about 60 acres of cleared land. 
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“No. 12, 1821.—This farm was commenced by Vallie, and is ealled Vallie 
farm, and superintended by Vallie, and has about 40 acres cleared land. 

‘No. 18, 1822.—This farm was commenced by C. C. Wright, and is called the 
Gateno Height farm, and superintended by C. C. Wright, and has about 60 acres cut 
down and 80 under improvement. 

“No. 14, 1822.—This farm was commenced by Abijah Lardord, and is called 
Lock Harbour farm, and is superintended by J. Foubert, and has about 12 acres 
cleared. 

‘No. 15, 1822.—This farm was commenced by Thomas Brigham, and is called— 
Brigham farm, is also superintended by him, and has about 12 acres of cleared land. 


Stock AND EQUIPMENT. 
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It is here reproduced as an astounding record of perseverance and well directed 
energy. In 1806, Mr. Wright took out his first raft of square timber, which he succeeded 
in conveying safely to Quebec. His proposition, to take cribs down the Long Sault 
and Carillon rapids, was regarded as impossible at the time, but nevertheless he accom- 
plished the feat, arriving at Montreal island in twenty-eight days, whence he 
descended by the Back river, finding it preferable to the route by the St. Lawrence. 

In May, 1808, after years of labour, a fire destroyed Mr. Wright’s mill and build- 
ings, but his raft was saved and the profit of its sale was utilized to build another 
mill in the autumn. In 1811 a thousand bushels of wheat were raised on the various 
farms, which were disposed of at $3 per bushel, owing to war prices. 

In 1817 Mr. Wright was married by a notary at Grenville, the wedding party 
having proceeded down the river in four large bark canoes, but in 1819 he had built a 
steamboat, ninety-three feet keel, which plied between Hull and Grenville. He also 
stated (1823) that it was his intention soon to place a boat upon Aylmer lake. 


STEAM NAVIGATION. 


The matter of early steam navigation in Canada is very interesting, and it may 
not be out of place to here review it at some length. The first application of steam 
to the propulsion of a boat is a rather vexed question, and several rival claims are 
put forward for the honour. In 1778, Fitch, an American, propelled a steamer on the 
Delaware river by paddles, but the project was soon abandoned. Five years later, 
Patrick Miller, of Edinburgh, fashioned a steamboat, which went at the rate of five 
miles an hour, and in the following year, with Symington, built another steamboat, 
that attained a speed of seven miles an hour towing a load. Robert Fulton was an 
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American artist, who went to England inspired by the success of Benjamin West, 
He was introduced to the Duke of Bridgewater, and, under him became a canal 
engineer, and made many experiments with steamboats. In 1803 Fulton launched 
a boat upon the Seine, which, however, immediately sank with the weight of its 
machinery. In 1807 he, having studied the various experiments in Europe, built a 
steamer, with engines by Boulton and Watt. This made the voyage up the Hudson 
from New York to Albany, a distance of one hundred and fifty miles, at the rate of 
five miles an hour, which was regarded as an astounding feat. 

Inspired by this, Mr. John Molson, of Montreal built a boat called the Accom- 
modation, on the shore behind his brewery. She was launched sideways, and fitted 
with engines made by Boulton and Watt at the Soho Works. The Accommodation 
went from Montreal to Quebec in November, 1809, at the rate of four miles per hour. 
Between 1809 and 1812, Mr. Molson built the Swiftsure, Malsham, Lady Sherbrooke 
and John Molson, which steamers were engaged in the transportation of troops and 
supplies between Quebec and Montreal during the war of 1812. 

The first ship actually to steam across the Atlantic without sails, was a Cana- 
dian—the Royal William—launched at Quebec, 1831, her engines coming from 
England. In 1833 she went from Pictou, N.S., to Gravesend, arriving September 
11, after a twenty-two days’ passage. This boat was built by Mr. John Molson, of 
Montreal. In 1834, she was sold to the Spanish government and named the Isabel 
Segunda, and was the first steamship to fire a shot in action. 


DEVELOPMENT OF STEAM NAVIGATION BELOW OTTAWA. 


The Ottawa, not only had the first steamboat west of Montreal, but maintained 
a steam navigation equal to the St. Lawrence till the 40’s. 

The Ottawa valley was opened to settlement about 1800. In 15 years a wooden 
lock was built at Vaudreuil, and Durham boats began ascending from Lachine to 
Point Fortune and St. Andrews. All goods, till 1825, were carted from Montreal 
to Lachine because there was a good road, and there the Durham boats were loaded 
for both the Ottawa and St. Lawrence routes. By the latter the boats proceeded, 
by the help of several small canals, to Kingston, but, by the former ,their useful- 
ness ended at Point Fortune or St. Andrews. Above this, cartage was resorted to 
for 12 miles to the head of the rapids at Grenville, and then bark canoes to Hull, 
till Mr. Wright’s steamboat in 1819 revolutionized the navigation of that stretch of 
river. 

Mr. Wright’s steamer the Union was built at Grenville in 1819. The motive 
power consisted of two heavy marine side lever engines, made by Messrs. Boulton & 
Watt at the Soho Works, Birmingham, and imported by Mr. John Molson of 
Montreal. 

The timber commerce so increased the trade that the Durham boats were in- 
sufficient, and, in 1826, the first steamboat line was operated between Lachine and 
Carillon by Captain Johnson on the Willkam King, and the next year Captain 
Lighthall brought out the St. Andrew. The latter had formerly been in charge of 
Judge McDonell’s Durham boats that did all the business, freight and passage 
between Montreal, Point Fortune and St. Andrews. 

In 1828, McPherson, Crane & Co., put the steamer Shannon, Captain Grant on 
this route. Meanwhile a great improvement was pending. The Amerivan War 
(1812-14) had emphasized the need of an interior route to Kingston, and, in 1827, 
the Imperial Government began the construction of the Carillon and the Grenville 
canals, and also the Rideau canal, Ottawa to Kingston. These were finished in 1833, 
and immediately we find the Ottawa and Rideau Forwarding Company established. 
with John Molson a director. He built the steamer Ottawa, Captain Lyman the 
Shannon, and other boats for the Montreal-Kingston trade. The journey was stage 
to Lachine and boat to Carillon 2 days; stage again to Grenville and boat to Bytown 
and Kingston 3 days, the freight being towed in barges. 
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The next year saw an experiment launched at Ottawa, the Nonsuch, a stern 
wheel boat, in which the old Boulton & Watt engine of the Union was placed. She 
ran for three seasons, but proved a failure. 

In 1841, Captain Shepherd, the esteemed veteran boatman, accomplished several 
feats of river navigation. In July, he took the steamer St. David from Brockville 
through all the Cornwall and Coteau rapids to Lachine in one day, demonstrating 
the possibility of the now world renowned tourist route. Next day he went to St. Anne 
and made the first trip of asteamer with passengers on board up the Grenivlle canal. 
The same year he initiated the towing of rafts with steamboats, by taking one down 
Oka lake to the Lallemand rapid for Messrs. Hamilton & Low. 

In September 1841, the Ottawa was so low that boats were unable to run the St. 
Anne rapid, and the first lock there was only being constructed. There was a lock 
at Vaudreuil, which, however, was owned by a private company that taxed all traffic 
except their own very heavily. At the request of other shippers, Captain Shepherd 
examined the rapids and found a channel outside the lock, through which he success- 
fully piloted their barges. This broke the monopoly of the St. Andrews Trading 
Company at Vaudreuil, which they had enjoyed since 1816. 

The completion of the St. Anne lock, autumn 1842, opened the first daily passen- 
ger route, without barges in tow, between Montreal and Ottawa. the steamer 
Oldfield was operated on the lower part, Montreal to Carillon, and the Albion on 
the upper portion, Grenville to Ottawa, with a stage line between Carillon and Gren- 
ville. The owners were Sir George Simpson, Governor of the Hudson’s Bay Company, 
and Messrs. Momarquette, Gibb & Shepherd. 

The 10ute, however, faded into only local importance with the opening of the 
St. Lawrence canal system, 1846, and the old proprietors sold out to engage in the 
larger field of enterprise. 

The existing railway was built in 1857 by Sykes and De Berg, and bought by 
the present navigation company in 1864. See page 516. 

The towing business on the Ottawa received a great impetus about the fiftios 
when the Chaudiére water powers began to be developed and sawn lumber was 
shipped to Montreal and, via Whitehall, to New York. 

Some of the best known steamers were the Pioneer, 1848, Britannia, 1852, Queen 
Victoria, 1865, burnt at Carillon, 1879, and the Peerless. Propellors began to be used 
after 1840. 

The Montreal and Ottawa Forwarding Company was dissolved in 1884, and suc- 
ceeded by two freight lines, the Ottawa Forwarding Company and one organized by 
Captain Hall, of L’Orignal. These amalgamated in 1890, and have now, several 
staunch propellors carrying local freight, salt, hay and farm products to and from 
the fifteen or twenty wharves between Ottawa and Montreal. 

The lumber transport is done by powerful tug boats, towing four to six barges 
each, carrying from a quarter to a third of a million feet. The fleet of six tugs and 
eighty barges is owned and operated by Captain Denis Murphy, of Ottawa, who has 
been engaged in this business since 1856. The traffic amounts to about half a mil- 
lion tons per year, of which 80 per cent is lumber. 

The passenger traffic is still carried on by the Ottawa River Navigation Com- 
pany, founded in 1842. They operate a side wheel steamer, 5 ft. draft, between 
Ottawa and Grenville, and a similar one from Carillon to Montreal via St. Anne and 
the Lachine rapids. 

It will be seen that the early canoe traffic continued for 200 years till the bat- 
eaux began to be used between Lachine and Point Fortune about 1810. 

In 1819, Mr. Wright’s steamboat, Union, between Hawkesbury and Hull initiated 
the steam era in the valley. In 1825, steamers were run between Lachine and Point 
Fortune, and 12 miles of rapids from Carillon to Hawkesbury constituted the only 
break between Lachine and Hull. 


GEORGIAN BAY SHIP CANAL SURVEY 511 


SESSIONAL PAPER No. 19a * 


The opening of the Carillon, Chute-4-Blondeau and Grenville canals in 1833, 
made continuous navigation to Bytown and thence by the Rideau canal to Kingston. 
where the lake schooner took the business, the steamboats descending the St. Lawrence 
rapids to Montreal. 

This circuitous system continued in vogue till 1846, when the 9 ft. draft canals 
down the St. Lawrence turned both the up and down traffic to that route. 


DEVELOPMENT OF STEAM NAVIGATION ABOVE OTTAWA. 


West of Ottawa, of course, the lumber trade required a navigation system. The 
first steamer on Deschenes lake was the Lady Colborne, Capt. Blackburn. Bouchette 
states, 1832, that it is ‘hoped the benefits of steam navigation will soon be secured,’ | 
so the boat was probably launched, 1833. In 1846 the Emerald and Oregon (iron 
plate hulls) were built by Messrs. Egan and Aumond, thus inaugurating the Union 
_ Forwarding Company, whose steamers did all the transportation for the valley west 

of Ottawa during the next thirty years. 

The first step in this route was the eight mile drive from Ottawa to Aylmer, 
long famous as the Holt stage line. There was a good macadam road, and freight 
was forwarded by large wagons carrying as much as five tons in one load. Supplies 
for the lumber camps, pork, beans, molasses, tea and axes, chain and rope were hauled 
daily all summer to the steamer wharf at Aylmer. 

A side wheel steamboat left Aylmer each morning for the Chats falls, 25 miles 
up. Passengers were landed at a low level wharf in Pontiac bay, and elevated by a 
rising platform about 40 feet to the top of the rock cliff. They then embarked on a 
tram car drawn by two horses in tandem, and were carried three miles to the foot of 
Chats lake, where they boarded another steamboat that proceeded up the lake, and 
through the Chenaux current at low water to Portage du Fort. See page 529. 

On Chats lake, the steamers Oregon, Alliance and Prince Arthwr, all side- 
wheel boats of about 5 feet draft, did the freight and passenger business. During 
high water an auxilliary steamer was used between the head of Chenaux island and 
Portage du Fort, because the current was then so swift that passengers and freight 
had to be landed at the foot of the island. 

The more usual route, however, was for the Chats lake steamer to land her 
passengers at Farrell bay below Chenaux current, whence they proceeded by stage to 
Cobden. Here a stern wheel steamer plied down Muskrat lake and river to Pembroke, 
following the ancient Indian trail over which Champlain passed in 1613. See pl. 9. 

From Portage du Fort to Bryson, 12 miles, stages were again in requisition as 
the Grand Calumet falls and rapids below prevented navigation. 

The steamer Calumet ran from Bryson up the north channel to Lapasse thence up 
Coulonge lake to Paquette rapids, which it was able to surmount and continue up 
the lake past Westmeath to the foot of Morrison island. Here the passengers 
walked up the length of the Allumette rapid and took a ferry to Pembroke, the 
capital of the upper Ottawa. During low water the steamer up Coulonge lake con- 
tinued through the Culbute channel to Chapeau, where there wasa stage line across 
the island and a ferry to Pembroke. The steamer Calumet was burnt and replaced 
by the Sir John Young. 

This route from Bryson to Pembroke bid fair to become important and, after 
much agitation, combined locks, of wood, 200 feet long, 45 feet wide with 6 feet of 
water on the sills were built in 1877 to overcome the Culbute rapids. They were, 
probably, the largest wooden locks ever built, but were hardly used, as the railway 
was about that time extended to Pembroke and northwards, completely diverting the 
traffic. 

Above Pembroke there was uninterrupted navigation for forty miles through 
the beautiful Deep river to Des Joachims rapids. The first passenger boat on this route 
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was the Pontiac in 1854, then followed the Pembroke 1860, the John Egan 1873, the 
Christopher O’Kelly the Empress and the Ottawa, 1882. At present the Victorwa, 
1896 gives a daily service. 

Above Joachims, there was the steamer Kipawa to Rocher Capitaine and, between 
these rapids and those of Deux Rivieres, the steamer Deux Rivieres. The final 
stretch to Mattawa was made by the steamer Mattawa. But the glory departed 
from the route with the advent of the railway. First the passengers slackened, 
then the freight and then the rafts disappeared and the Be boats are used for 
log towing alone. 


ECONOMIC DEVELOPMENT OF THE VALLEY. 


The following is a detailed account of the condition of the river at the present 
day, its wharves, bridges, canals and industries, together with brief historical notes 
regarding various points of interest. The extreme easterly end of the river may be 
considered as Bout de Vile, or lower end of Montreal island. The landscape at 
this point reminds one of a Dutch sea-coast scene, and the alluvial flats won from 
the early voyageurs the name ‘des Prairies’, signifying meadows. See plate 4A. 

A short distance from this easterly end of the river is the Great Northern rail- 
way bridge, which crosses from Bout de Vile to Ile Bourdon, and thence to Charle- 
magne situated at the mouth of the Assomption river. 


BACK RIVER. 


Ile Bourdon derives its name from the Captain of the first sail boat that made 
its way up to Montreal. It was built at Quebec. 

Two or three miles further up is the east end of Ile Jesus where the St. Eustache 
branch of Mille Iles river joins the main stream. 

At mile 8 is Des Prairies village. Here the first indication of rock is seen, 
and the out-crop creates a rapid of about seven feet fall. Advantage of this was 
taken many years ago to build a small grist mill, which is still in use. 

As we descend, the river banks become higher on both sides, but especially on the 
north, where they attain a height of seventy feet at the village of St. Vincent de 
Paul, and maintain that height up to Sault au Recollet. 

There are several small islands below St. Vincent de Paul, also two large ones— 
Cheval de Terre, whose surface is as high as the north shore, and Ile Visitation, 
which stands at the foot of Recollect rapids. 

These rapids extend up four miles to Bordeaux, and consist of a lower fall of 
twelve feet, a river slope of four feet and an upper fall of ten feet. Their name is 
derived from the drowning of a Recollet father. He was accompanied by an Indian 
boy called ‘Ahuntsic, after whom the summer resort at Pont Viau has been named. 

Three bridges cross the river within three miles; Pont Viau, a highway bridge, 
by which a large amount of garden produce reaches Montreal; Bordeaux railway 
bridge, by which the Canadian Pacific railway leads out of the city to the north 
shore, and Cartierville bridge, a highway structure, by which St. Martin and St. 
Eustache farmers cross to the island of Montreal. At each of these three places a 
large number of persons spend the summer months, and there is an electric railway 
connection with the city. 

For five miles above Cartierville the river has only a moderate current, ex- 
panding into almost a lake at Patton island. Above this the river narrows, and a 
swift current—the Whitehorse rapid—with a fall of four feet intervenes. 

For two miles above to the foot of Ile Bizard the shores are about ten feet high, 
and the Bigras islands divide the river into several channels. 

Tle Bizard stands in the entrance of Back river, dividing it into two channels. 
The northern one is practically a long bay extending down from Oka lake, which 
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ends in the Lallemand rapids about a mile long with a fall of eight feet. The 
south channel begins with a rapid, the Cap a POrme, falling three or four feet from 
Oka lake level, then a stretch of lake extending a mile below Ste. Genevieve and 
joining with the Lallemand rapids at the foot of the island by a one mile stretch 
of moderatte current. Ile Bizard derives its name from a French official, to whom 
it was granted. See plate 4A. 


ST. EUSTACHE CHANNEL. 


The most northerly branch of the Ottawa or Mille Iles river leaves Oka lake just 
near the head of the Lallemand rapids. The entry is a rapid of about five feet 
fall, at which the St. Eustache grist mill is located. Below, for fifteen miles to 
Terrebonne, is a pond dotted with numerous islands, from which it receives 
its name. The village of St. Eustache was the scene of fighting during 1887, 
and the church in which the defence was made is still pointed out to tourists. At 
Ste. Rose, seven miles below, the river is crossed by the Canadian Pacific railway on 
its way to Ste. Therese and Hull. Ten miles below Ste. Rose is Terrebonne with a 


good water power, which has made it a manufacturing centre. Five miles below this 
the Mille Iles river joins with the Back river again, at Lachenaie. See plate 3. 


ST. EUSTACHE VILLAGE. 


During the autumn of 1837, feeling ran high in the village and surrounding 
country. The news of the outbreak on the Richelieu arrived the 26th of November, 
and a band of extremists, four hundred strong, from the village and surrounding 
country marched to Oka and pillaged the government store, taking all guns and ammu- 
nition. They were unable to induce the chief of the Indians, however, to part with three 
small cannon that were in his care. A Swiss named Girod, plausible, pretentious 
and without truth, assumed the title of Commander-in-chief and inflamed the mob by 
his fiery eloquence and false representations. 

On Sunday, December 10, the rioters, despite the appeals of the cure, occupied the 
church, to the exclusion of all other parishioners. They forcibly entered an unfinished 
building intended for a convent, and appropriated to themselves provisions from the 
priests’ house. 

On December 13, Sir John Colborne left Montreal with two thousand men 
and eight guns, arriving at St. Eustache the following morning. The main body 
crossed the ice four miles east of the village, covered by a small detachment that 
cecupied the river bank opposite the town. Chenier, with one hundred and fifty 
‘men, attempted to cross the ice and oppose this detachment, but the cannon of the 
main body began firing and he was obliged to take refuge in the church. The troop! 
then took up a position in the village and bombarded the church and convent for 
about an hour, when, through the overturning of a stove, the building took fire and 
the rioters surrendered. Chenier was shot through the head while endeavouring to 
escape. Girod fled before the arrival of the troops, and, hard pressed, committed 
suicide four days after at Pointe aux Trembles. As was then the custom, he was 
buried at the corner of two eross-roads, now St. Lawrence Main and Sherbrooke 
streets in the heart of Montreal city. 

Seventy men lost their lives in this unfortunate affair. The column left the 
town at four o’clock in the afternoon and marched to St. Benoit. There they met 
Captain Mayne with his company of the 24th and eight companies of volunteers 
that he had marched from Carillon on December 12. 

There was no further disturbance, and the troops returned to Montreal on 
December 15, but the village of St. Benoit was set on fire despite the efforts of the 
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troops to prevent further destruction. The 24th Regiment, it wi'l be remembered, 
was cut to pieces in Zululand, 1878, 


a 


FORT SENNEVILLE. 


The eastern end of Oka lake is blocked off from the St. Lawrence (Lake St. 
Louis) by the upper end of Montreal island and Ile Perrot. The upper end of Mon- 
treal island was granted to Du Gue of Bois Briant by the King of France in 1672, 
and in that year the first house was erected, Seven years later it was sold to Le 
Moyne and Le Ber, prominent fur traders of the time. Le Ber in 1688 erected a 
windmill, the ruins of which may still be seen. It was loop-holed for musketry 
defence against the Indians, but was captured two years after the massacre of La- 
chine, despite the gallant defence of Le Ber and his people. 

_ This set-back was only temporary, however, and the indomitable Le Ber family 
erected a fort and a manor house near the site in 1693, the ruins of which are still 
pointed out as Fort Senneville. This was for one hundred years the most westerly 
mill and settlement of the colony. ; 

Montreal was held during 1775-6 by Congress troops, and Cedars, 30 miles west, 

was occupied by them as an outpost. 


AFFAIR AT CEDARS. 


On May 12, 1776, Captain Forster left Oswegatchie, now Ogdensburg, with 
thirty-six men of the 8th Regiment, and proceeded down the St. Lawrence to Cedars, 
gathering on the way some two hundred Indians. 

Captain Butterfield, who was in command at Cedars, surrendered May 19, with 
three hundred Congress troops. The day after, Sherburn’s force of one hundred Con- 
gress troops, marching to relieve Butterfield, was captured by Forster, who then ad- 
vanced to Vaudreuil village. On May 23, two hundred and fifty of his prisoners 
were placed at Fort Senneville, the remainder being left at Vaudreuil, while the 
American officers were sent to the Indian mission at Oka. 

On May 24, Forster advanced towards Lachine, but found General Arnold en- 
trenched there with two thousand men, so he was obliged to fall back to Vaudreuil. 

Arnold advanced to Senneville and burnt the fort, but the prisoners had been re- 
moved by DeMontigny to Ile aux Tourtes. Forster’s force fired upon Arnold’s scows 
and obliged him to retire. During the next day a cartel for exchange of prisoners was 
sent to Arnold, and the congress troops were liberated on the 30th of May; Arnold 
having the 28th returned to Montreal, while Forster went back to Oswegatchie, 

Owing to the falsity of Arnold’s report of the affair and the animus of congress, 
the exchange of prisoners was repudiated and a corresponding number of British 
prisoners was never released. 


STE. ANNE, VAUDREUIL AND OKA. 


Ile Perrot was granted to a fur trader of that name about the year 1670 (the date 
of the incorporation of the Hudson Bay Company) and it had its windmill and trading 
post. It will be remarked that no development of water power was undertaken, the 
windmill being more cheap and simple and of sufficient capacity for the requirements 
of that day. 

Across the rapids, that divide Ile Perrott from Montreal island, is the pretty town 
of Ste. Anne. A church was crected here in 17 03, at which the voyageurs placed them- 
selves under the protection of their tutelar ‘Saint Anne’ ere they set out on their 
400-mile canoe trip to Georgian bay. Here the season’s voyage was considered to 
begin, and the weather-beaten canoemen first welcomed home and friends on their 
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return in the autumn. This fact so imbued the immortal Moore that he was inspired 
to write his Canadian boat song :— 


“Row brothers, row, the stream runs fast, 
“The rapids are near, and the daylight is past.” 


At the west end of Ile Perrot is another rapid, separating it from the mainland 
and the village of Dorion or Vaudreuil station. This was the headquarters of the 
St. Andrew’s Trading Company, and a stone building bearing the date 1797, is still in 
existence. A wooden lock was built to overcome these rapids in 1816. Here again 
the ruins of an old windmill are to be seen. 

Six miles above Montreal island the lake is narrowed in by Oka Point from the 
north. This is a mountain corresponding with that at Montreal. It is remarkable 
that all these mountains, Rigaud, Oka, Montreal and St. Hilaire, are nearly in the 
same straight line. Oka was an Indian settlement established in 1721, when the tribe 
was transferred from Sault au Recollet. Four chapels were built upon the mountain 
in rear about 1740. | 

Four miles east of the village is a Trappist monastery and farm established in 
1892. Across the lake are the villages of Hudson and Como. 

Near the upper end of Oka lake is Carillon island, about five miles below the town 
of that name. The island and point just above it are practically a presque’ile, formed 
by the silt from the North river, which flows in at this place. 


ST. ANDREWS. 


St, Andrews may certainly lay claim to being the earliest and most thriving 
town of the Ottawa Valley, although now rarely heard of, as it gradually gave way to 
Lachute, the village it contributed to build up in the early days. It is situated two 
miles up the North river at a small fall, that furnished power for its industries and 
barred further navigation up stream. ° 

In 1810, one Davies, from New Hampshire, opened a store at St. Andrews. He 
seems to have been an old time surveyor, and to have made a plot of the town site 
in 1799. He opened a tannery, harness shop, saw mill, grist mill and ashery, and a 
paper mill—the first in Canada—which was sold in 1810 to-a Scotchman named 
Brown. In 1816 Davis built a lock at Vaudreuil for the St. Andrews Trading Com- 
pany, which gave them a hold upon the trade of the valley for many years. 

During the early days there was a stage line from Montreal to St. Eustache, 
and up to St. Andrews and Grenville. The trip took 3 days, or two trips per week, 
and the stage driver’s hat was the post office of the valley. In 1826, when steam- 
boats appeared, the stages were placed between Carillon and Grenville, in competition 
with the south shore stage line from Point Fortune to Chute 4 Blondeau and Hawkes- 
bury. : 
St. Andrews was the distributing port for the territory now included in the 
counties of Argenteuil and Two Mountains. In 1814 the following prices ruled for 
provisions: Corn, $2; rye, $9.50; and salt, 2.40 per bushel; sugar, 40 cents and tea, 
$1.80 per pound; coloured cotton, 60 cents, and cambrie, 74 cents per yard. 

South of this is the town of Rigaud on a small river of the same name. About 
a mile up from the mouth is a dam and mill. In rear of the village is Rigaud moun- 
tain, upon the summit of which is the so-called ‘ Devil’s Garden, an aggregation of 
rounded stones the remains of a glacial moraine. 


CARILLON. 


The lake ends at Carillon rapids, 50 miles from Montreal. There are two towns. 
Pojnt Fortune to the south and Carillon on the north. Carillon is likely named after 
Philippe Carrion. 
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The land here was granted by the Seignior before 1800, but Captain Schagel’ was 
the first to build a house (1804). The settlement was of small importance till the 
military canal was begun, 1827, when it at once became the headquarters of official- 
dom. 

Commissary General Forbes was its leading figure and motive force. He was 
born in 1786, and fought as a young ensign at Waterloo. When ordered to the Mon- 
treal command, he became attracted by the exquisite charm of the view from Caril- 
lon hill, so built a residence —‘ Bellevue ’—in 1827, where he entertained lavishly 
the different governors and distinguished civil and military personages. The resi- 
dence still exists, and also a stone hotel built by him and occupied by. the Royal 
Staff Corps during the canal construction, but a mill, a brewery and other ventures 
proved failures and have gone to decay. 

During 1837 Forbes acted as military adviser to Sir John Colborne. Strangely 
enough, a Swiss, the tutor to the Forbes family, was Girod, who incited the habitants 
of the district to riot, but deserted them when conflict became imminent. He 
boasted that he and his ‘staff’ would eat their Christmas dinner at ‘ Bellevue,’ and 
wash it down with the commissary’s wine. 

The citizens of Carillon and the neighbourhood organized eight companies of 
militia under Captain Myers of the 24th regiment and occupied St. Benoit in Decem- 
ber, 1837. f 

The commissary was also a magistrate and tried local cases, so that the Bellevue 
cellars frequently held rowdy shanty-men as well as sherry. 

When canal construction was completed in 1834, Carillon of course diminished 
in size, but still had the increased boating business. This, however, disappeared on 
the completion of the St. Lawrence canals, (1846) never to return, but a revival of 
trade set in with the development of the lumber industry at Ottawa in 1860, and, 
twelve years afterwards, the canal was enlarged and the Carillon dam completed. 


CHUTE-A-BLONDEAU. 


Before the Carillon dam was built, a rapid existed between the Carillon and 
Grenville canals, which was overcome by a short canal and lock along the Quebec 
shore.. This rapid is extinguished now by the dam, but on the south shore opposite 
Greece Point is a sawmill and the old village of Chute-4-Blondeau on top of the 
steep bank. The pioneer was Wyman, who came from Massachusetts in 1804 and 
erected a grist mill. It was a stopping place for the men engaged in working the 
Square timber rafts through the Long Sault rapids, and Kirby’s hotel was a well 
known hostelry in the old days. 

Rafts usually consisted then of 72 cribs. They were anchored at Grenville, the 
head of the Long Sault, and were divided into ‘bands’ of six cribs for running the 
rapids. It required one pilot and thirteen men for each band, and this crew made 
three trips a day from Hawkesbury to Point Fortune. A number of jobbers or extra 
hands squatted in the vicinity of Chute A Blondeau, and when the raft running was 
over, they lived the rest of the season as best they could, without farms or regular 
employment. The settlement became notorious for thieving and lawlessness, and at 
one time the Chatham farmers organized a raid upon the squatters to punish their 
misdoings. 

Near Chute-4-Blondeau is supposed to be the site of the defence of Dollard and 
sixteen associates against a party of 300 Indians in 1660. The Indians seem to have 
made the locality a favourite resort and camping ground. Many relics and bones 
have been found about the farm and quarry of Mr. Ross, who settled here in 1840. 

In 1857 g railway was constructed between Carillon and Grenville as the com- 
mencement of a line between Bytown and Montreal. Work was commenced also at 
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Montreal and St. Eustache and St. Andrews on an extravagant scale. A steam mill 
was built at the latter place to saw lumber, wells being bored to supply water for the 
boilers. Construction proceeded for two years, the financing being done by the firm 
of Sikes & De Berg, but the latter gentleman was accidently drowned, and it was 
found impracticable to proceed. Carillon to Grenville was the only portion com- 
pleted, and serves to transfer passengers and avoid the loss of time in passing the 
-eanals. It was; therefore, bought by the Navigation Company in 1863. It is th3 
only broad gauge railway in America, being 5 ft. 6 in. 


MILITARY CANALS, CARILLON TO GRENVILLE. 


Carillon was a military post during the construction of the canal there by the 
Royal Staff Corps, in 1827. 


Regarding this canal I quote from Mr. T. C. Keefer’s Canals of Canada, 1894, 
page 17: ‘The St. Lawrence route was by the Royal Engineers considered to be 
‘too near the frontier for a military one. ‘The influence of the Imperial gov- 
‘ernment was exercisd in favour of an interior route between Montreal and King- 
‘ston, via the Ottawa and Rideau rivers. The Government of Upper Canada was 
‘offered financial aid in 1824 to undertake the Rideau canal, but declined upon the 
‘eround that the St. Lawrence would best serve the interests of the country. The 
‘British government decided in 1826, however, to carry out the inland communica- 
‘tion which had been commenced upon the Ottawa at Grenville in 1819.’ 


The Imperial government operated these canals till 1856, when they were handed 
over to the provincial authorities. The 9-foot St. Lawrence canals, completed 1845, 
rendered the Rideau and Ottawa system commercially of little importance. All the 
canal records were burnt in the ordnance office, Montreal, during the riots of 1849. 


The Carillon canal originally ascended 21 feet of a rocky bluff by two combined 
jocks at the foot, the walls of which were formed by the rock cutting itself. It then 
deseended 13 feet back into the Ottawa. The summit was supplied by a feeder from 
the North river. This canal may be traced upon the ground at the present day, and 
the two locks at Carillon and that at the upper end are in good enough condition to 
show all the details of construction. The length of the canal was 2-9 miles. A 
defensible house of stone is yet to be seen at the upper lock. The weir for feeding 
the summit from the North river can yet be traced, but is much fallen to decay. 
The locks were 1064 feet long, 193 feet wide, with 6 feet of water on the sills. 


About 34 miles above the Carillon canal was the Chute-4-Blondeau rapid, named 
after a resident drowned there in the early days, but anglicized into ‘ Shoot-a-Blunder.’ 
To overcome this a lock of 3-6 feet lift, with a short canal, was constructed along the 
main shore. The lock wall consisted of the natural rock, upon which a masonry wall 
was built, as the rock surface was not high enough. The lock gates are in place and 
the construction can be clearly traced. 

The proposal to use the natural rock as part of the sides of the lock chamber in 
the present project, is only a return to the practice of 1828. 

One mile above the Chute-a-Blondeau was the lower entrance to the Grenville 
canal, which surmounted the Long Sault. The length of canal was 5? miles, with 
seven locks rising 45 feet. The three lower locks were first constructed of the same 
dimensions as the old Carillon canal below, that is, 1063 feet to 108% feet long by 194 
feet wide, capable of passing vessels 96 feet long, 19 feet beam and 43 feet draft. The 
four upper locks were, however, 1294 feet to 1313 feet long by 324 feet wide. 

There seems to have been a great variation of ideas as to the proper length and 


width of the early locks in Canada. In this connection IT append a table from Mr. 
T. GC. Keefer’s Canals of Canada, 1894. 
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DATES AND DIMENSIONS, CANADIAN LOCKS. 


Year. a Length. Width. Depth. 
Ft Ft, Ft 
17985 Savi Stearic ieicccse canes vabaheis ace ee eRe eT Oe Rome oe eee ate 38 oy ee 2 on sil 
17807| bocksat. Cascadesiand COteAUs.ciccrcye iets ieise cane oat oko OMe rerseer a: 35 6 24 # 
1804,|Loeks at Cascades ‘ad Coteau. 2-2 tera. altos © idee « since cle crerons 110 20 4 = 
1819 |Military canals, Ottawa River (Grenville)...............-.--5-- 1064 194 64 ik 
$525 \¢ LachinesOanal 3. ci2 5) so eee an a eet ct eee els 100 24 44 
1829 |First Welland Canal (wooden locks)..............-02 eee eee eeee 110 22 8 = 
ESSP MRA Sevan cece ces te er ee ates Se eececss = iciee aan Naat ae Coe eee Sti 134 33 > S 
1834:7|Grenville'Canak (OttawaeRiver)-sc2.0005..% cele niei eter ene 1302 324 64 = 
18344)\Carillon. Canal (Ottawa River)scace snc c are ae denen ere 1264 32 6 .. 
1834 |Chute-a-Blondeau (Ottawa River). ..........-. es eee ee eee eee 131 33 6 i 
1843: |Ste. Anne Lock (Ottawa River) ...¢ 26.0. 2. eee we es ee nee ee 190 45 6 ss 
18431Chambly Canal(Richeliew River)isi.. 26 vies abe «cmos ss oe eee 118 23 7 7 
1843 |Cornwall Canal (St. Lawrence River).........-.....0-0eee ee eee 200 55 9 3 
1846 |Beauharnois Canal (St. Lawrence River)..............----:000- 200 45 9 a 
18464 Seconds Welland: @analecr cers gee nig: clones seen ee se en re 150 26% | 104 i 
1847 Jot. Ours Lock) Giicheliou River). fo... as. a ee oe te ee 200 45 7 iy 
1880 |Culbute (Ottawa River) wooden lock.................-.+2-0055 200 45 5 
1S9OUSteebawrenceiand Wellands.0... - 2oe somes fae euebaeine sich teue vanes 270 45 14 * 
1890 /Grenville (Carillon and Ste. Anne)...............0. 0 sees 200 45 9 es 
1PSO2 El Sa ultiote Marie gate Go ecstatic amies Gee Seimei oun coe ous meum TRE cane 900 60 19 = 


The Trent canal locks were of similar dimensions to those of the Rideau. 

It appears that seven locks were constructed between 1819 and 1826, that is the 
three locks of the old Carillon, the Chute-a-Blondeau lock and the three lower locks 
of the Grenville Canal, of a length of 106 feet and width of 194 feet, with 6 feet of 
water, but the remaining four locks on the upper end of the Grenville were made 
129 by 32 feet, with 6 feet depth. The Carillon locks and the Chute-a-Blondeau locks 
seem to have been enlarged to 129 feet by 32, but the three lower locks of the Gren- 
ville canal were still only 106 by 19 and limited the size of vessel until 1865 at any 
rate. 
The St. Anne rapids were not included in the military scheme. There is only 
about 3 feet fall, and probably boats were towed up or passed by the wooden lock at 
Vaudreuil. As the Lachine locks were only 100 x 24 x 43. compared with 134 x 33 
x 5 for the Rideau, it is possible that the intention was to have the military system 
of canals extend down the Back river instead of via St. Anne. The Grenville locks 
were commenced before the Lachine. 

The St. Anne lock was begun in 1839 and completed June, 1843. It was 190 feet 
x 45, with 6 feet depth. 

The Lachine canal was first proposed in 1791, but, as the wagon road was excellent 
from Montreal to Lachine, only seven miles, no canal was undertaken and Lachine was 
made the starting point. This is why the canals and locks at Cascades and Coteau 
were constructed before the Lachine. The Lachine was built between 1821 and 
1824, with seven locks 100 feet long, 20 or 24 feet wide and 5 feet depth. 


ENLARGEMENT OF OTTAWA CANALS. 


The navigation between Carillon and Grenville was enlarged, in 1871 at Gren- 
ville and 1873 at Carillon. Carillon was completed in 1882 and Grenville in 1887. 
The traffic on the military canals between 1858 and 1867 had doubled, due to the 
rapid development of lumbering at Ottawa. A dam was built across the Ottawa 
river at Carillon, raising the water 9 feet and obliterating Chute-a-Blondeau rapid. 
The old summit canal at Carillon was abandoned, and a new one, three-quarters of a 
mile long, with two locks, constructed along the north shore. 

The river stretch to Greece Point, at the foot of the present Carillon canal, is 
nearly six miles. The Grenville canal enlargement followed closely the old military 
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canal, and the locks were used as weirs for the new canal. There are three locks in 
the lower mile and a half, then a three mile reach and two locks in the upper mile 
and a half,—total lockage, 45 feet. All the locks are now 200 feetx45x9 feet of 
water, the scale fixed for the Ottawa and Lake Champlain route, but the Chambly 
canal has never been deepened, nor has the New York State canal between Lake 
Champlain and the Hudson river. 


CARILLON DAM. 


The plans adopted for the Carillon dam, after the survey of Mr. Bell in 1879, were 
similar to those proposed by Mr. Clark in 1860, but the locks were built on the north 
side instead of Clark’s location on the south. The outside bank of the Carillon canal 
is of clay and rock, protected on the river side by cribwork, this toe crib in turn being 
protected with rip rap. On the canal side is a cement rubble wall, with 3 feet of pud 
dle behind it. 

The dam is an are about 1,700 feet long, with a double timber slide near the south 
shore; originally the river was divided into three channels by reefs of rock, the south 
channel 100 feet wide, the centre 400 and the north 100 feet, the bottom being covered 
with gravel and boulders. . 

At the end of three years, only the crib foundations of the dam in the shallow parts 
had been completed, a length of 1,500 feet. A new contract was let in 1879 and the 
plan modified to detached piers with gates between. In 1881 the old military eanal was 
closed and the new one opened to traffic, but in 1883 the current had undermined the 
shale rock beneath the cribwork, and practically a reconstruction had to be undertaken. 
A crib was sunk 1,000 feet above the break, and from it other cribs were let down by 
cables until a ring dam was formed above the gap. The deep hole scoured out in the 
rock was filled with cribwork of a very solid kind; the other portions of the dam were 
repaired and the whole work completed in the autumn of 1884. 

The depth of water flowing over the dam varies from a foot at low stages to 10 or 
14 feet at high. 

The dam is equipped with a timber slide, and, being the last on the route, its 
records indicate the growth and decline of the square timber business. In 1882 there 
were 73 rafts of 50 cribs, or 3,650 cribs passed; in 1895 only 6 rafts of 200 cribs, or 
1,200 cribs. In 1870 there were about 1,400 cribs of timber. Of late years practically 
no square timber has been taken down, as detailed orders for dimension timber and 
plank are sent from the British and other markets. 


POINT FORTUNE. 


Point Fortune was for thirty years after 1800 the Castle Garden of the Ottawa 
valley. All the settlers passed by there till the canal was constructed in 1833 on the 
north shore, giving Carillon the pre-eminence. 

Colonel William Fortune received a grant of 1,000 acres on the Ottawa in 1788. 
He was an old time surveyor and the village was named after him, but there was 
another Fortune—a bad Fortune, who, as is ever the case, constantly became mixed 
with the good Fortune. At L’Orignal he is reputed to have had a hotel, but got into 
difficulties and was obliged to remove. The village was situated just on the boundary 
line between Ontario and Quebec, so sagaciously enough, he built a house straddling 
the line, and then defied the excise officers of both provinces. 

After 1763, several individual fur traders trafficed in the Ottawa valley and north- 
ward, encroaching upon the territory of the Hudson’s Bay Company (founded 1670). 
About 1784 these traders combined to form the Northwest Fur Company, with head- 
quarters at‘ Beaver Hall,’ Montreal. Brigades of this company’s canoes left Lachine 
each spring and Point Fortune, 40 miles west, and just at the foot of the first for- 
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midable rapid was the natural stopping place, St. Anne being but a current in com- 
parison. In busy seasons thirty canoes, each with eight to twelve men, laid up for the 
night at the village to gum the joints of the birch bark and prepare for the arduous 
work of the morrow. 

In 1810, J. J. Astor of New York started a canoe line up the Ottawa to the north- 
west states. One or two large canoes carrying four tons did go through, but the war 
of 1812 stopped the scheme. 

Colonel John Macdonell, who was an old ‘ Norwester’ settled at Point Fortune 
in 1818, and four years later built a stone house which remains to the present. There 
were then but six permanent habitations, but soon this energetic gentleman built a 
grist mill and embarked in other ventures—storekeeping, potash making, lumbering 
and farming. Thus does one orderly and disciplined mind found a settlement, where 
for 200 years, there was nothing more abiding than the tent of the nomadic voyageur. 

It is stated that Colonel Macdonell built a short canal, with a lock to pass boats 
up the worst part of the rapids above the village. No trace of this is to be seen today, 
but possibly the Carillon dam effaced it. 

Miles Macdonell, a younger brother of the Colonel, and of Bishop Macdonell of 
Glengarry, was one of the romantic and devoted young man who attached themselves 
to the Selkirk schemes. 

The Carillon canal, opened in 1833, allowed business to pass up without paying 
tribute to either town, but still a stage line for passenger traffic continued on both 
sides of the river till the opening of the St. Lawrence canals in 1846. Steamboats 
hitherto had been obliged to ascend by the Ottawa and Rideau route to Kingston, 
their return trip, however, was by the St. Lawrence, running all the rapids to Mont- 
real, 
There is a ferry service between Point Fortune and Carillon. It was begun by 
Schagel of Carillon, probably about 1827 when the canal was commencing. Some 
years later a horse-power boat was put on by Monmarquette, and operated by Kelly 
for 15 years, when it was sold to Poitras who placed a steamboat in the service. 

A railway from Rigaud to Point Fortune was built in 1892, and is now a branch 
from the Canadian Pacific main line. This has improved conditions, and the isolated 
village now shares in the suburban trade of Montreal. 


GREECE POINT AND STONEFIELD. 


Greece Point, the foot of the Grenville canal, is located on a grant given Brig.- 
General Allan McNab of the 84th Regiment, the location ticket being dated 31st 
December, 1788. The grant was 5,000 acres in Chatham, county of York, as the dis- 
trict was then called. It was sold to Major Lachlan McLean, 60th Regiment, in 1790, 
and by him to John William Greece for $3,000. Parts have been sold outright, but 
about 1,000 acres are leased to various parties, who farm or are employed upon the 
barges or steamboats. 

Stonefield, halfway between Greece Point and Grenville, is most appropriatacly 
named, boulders being strewn about in all directions, the moraine of an ancient 
glacier. It is remarkable that people settled on these forbidding lands at a date when 
splendid areas could be had for the asking. Even yet it is hardly realized that stoney 
soil will produce a more valuable crop of trees than anything else, and by leaving 
occasional seed trees the supply will maintain itself. 

The early settlers, however, depended on the ready cash from potash, which was a 
brisk trade till 1830. Sixty large maple trees were felled, cut up and burnt to supply 
the ashes for one barrel of boiled down lye, which weighed 650 or 700 pounds, worth 
about $8.50. As the hardwood disappeared, the potash makers went elsewhere; being 
perforce good axemen, they sought employment with the lumbering firms. 

In the lumber shanties they found social enjoyment among their co-workers, and 
the dangers and excitement of the river driving in the spring conduced to form a 
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wild, roving and romantic strain that still declares itself in the district. They were 
brave, generous and proud as Lucifer of their individual prowess in axemanship, wood- 
craft and river driving. They formed a democracy as perfect as that among school 
boys. The final resort was fisticuffs and rough and tumble, but never the cowardly 
firearm of the west and south. Unfortunately, mature years did not bring affluence, 
ease and mental attainments, so a great Spartan force was lost to Canada. 

The stirring lumbering work made farming appear drudgery and humdrum. His 
farm was but a pied-a-terre. His wife and children sowed the crop, and his home 
coming was harvest time, but, as youth and strength waned, the farm was seen to be 
the mainstay. Unfortunately, it often proved to have been badly located and poorly 
tilled, at a time, too, when declining health and lack of knowledge made it impossible 
to correct the mistake. 


GRENVILLE VILLAGE. 


Grenville was a military village at the time of the canal construction. Its posi- 
tion at the head of an impassable barrier in a great stream, gave it importance 
as a transfer point, but with the completion of the canals, it ceased to levy toll upon 
commerce. | 

In 1802, Archie McMillan, from Lochaber, Inverness, received grants of land in 
the townships of Grenville, Templeton and Lochaber, the latter named from his 
native town. He brought out many Highland settlers, and the surveys of the lands 
and their erection into townships took place between 1803 and 1808. 

In 1810, McMillan built himself a large log house called the.‘ Old Abbey,’ and be- 
gan to reside at Grenville. His nearest neighbours were in Chatham township to the 
east, and the newly formed Wright settlement at Hull to the west; in fact there was 
Hull alone between him and China. The only road eastward to St. Andrews and 
civilization was a footpath along the river fit for sleds in winter; westward there was 
not even a footpath. Carts hauled freight from Montreal to Lachine, bateaux were 
rowed or poled up the rapids to Carillon, and then hauled along shore by men and 
ropes to Grenville. Nevertheless, McMillan and his Highlanders formed a militia 
battalion for service in 1812-14, but arrived at Pointe Claire too late for the fight at 
Chateauguay. 

He was the first postmaster 1819-28, when the mail to Hull was carried by canoe 
or on foot for $8 per trip. The Quebec government granted $25,000 for a road to Hull, 
and it was let in two contracts. Papineau built the upper portion and Kains the lower, 
completing the work in 1830. There were then two steamboats plying to Hull; the 
canals were in course of construction at both Grenville and Bytown, and the first sus- 
pension bridge was about finished at the Chaudiere. 

Business was brisk about 1820, due to the rafts, which began to descend in num- 
bers every spring, Captain Pridham’s being the stopping place for many river men. 

About two miles above Grenville is Calumet, the railway station half way between 
Montreal and Hull, where the North Shore line Canadian Pacific Railway first comes 
in sight of the river. This railway was built by the Quebec government (1875), as the 
Quebec, Montreal, Ottawa & Occidental railway, and taken over five years after, as 
far as Montreal, by the Canadian Pacific. It passes through Lachute, Calumet, 
Papineauville and Buckingham, always within a mile of the shore. 


THE ROUGE RIVER. 


At Calumet a steep rock spur of the Laurentians, in which a graphite mine is 
located, gives the town the appearance of « Rocky Mountain mining camp. Above 
Calumet the Rouge flows into the Ottawa with a rapid of great beauty. The falls 
on the Rouge are now utilized for water-power. They have a romantic history, as 


legend states that they were a place of Indian sacrifice and so-called ‘Manitou.’ To- 
ward the close of the seventeenth century the Troquois made a raid upon the rench 


SS 
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settlementment near Ste. Anne. The marauders retired to the Rouge to hold a war 
feast, but were pursued and routed by a French punitive force. The Iroquois chief, 
in attempting to escape up river, was drowned, or fell into a deep fissue in the table 
rock near Iroquois chute. 

This river, 90 miles long, drains a basin of 180 sq. miles, in which are numerous 
lakes. Nomining, 15 sq. miles; Tremblant, 6 sq. miles, &c., has a tributary—the 
Maskinonge—30 miles long, that drains lake Labelle, 5 sq. miles and Cameron, 3 sq. 
miles. The first timber taken off its basin was in 1804 for the Hawkesbury mills. 
The year previous a whole gang was drowned in attempting to drive logs. The Hon. 
J. K. Ward, owned large limits on the Rouge about 1870. See plate 3. 


HAWKESBURY. 


At the head of the Long Sault rapids on the south or Ontario side of the river 
and opposite the village of Grenville, is Hawkesbury, the largest. town between 
Montreal and Ottawa, and situated just half way from each. Colonel Cole of Ver- 
mont settled on lot 2, first concession, East Hawkesbury, in 1790, but moved to 
Chatham in 1805. - 

Judge Johnston, who was the first magistrate of the Ottawa district, settled at 
Hawkesbury, 1796, and his son, the first child born there, was Captain of the 
‘Union,’ 1819, the first steamer between Grenville and Bytown. 

Dr. David Pattee and Thomas Mears were the founders of the milling business, 
in 1805, that endures to the present day. Mears was also the builder of a paper mili 
-—the first in Canada—previous to this, and his was.the first store. He also built 
the steamer Union, 1819, referred to above, and another boat in 1823. Stevens, whose 
name was given to the island below Hawkesbury, was a millwright with Mears, as 
were also the Herseys from Massachusetts. Dr. Pattee was the first doctor in Lon- 
gueuil. 

The mills were sold in 1808 to the Hamilton brothers, who had come from Ireland 
to Quebec and begun shipping lumber to Liverpool and building ships. A remark- 
able series of misfortunes befell the Hamiltons in 1822. Both the brother in Quebec 
and the one in Liverpool, who was financial agent for the company, died, and the 
residence of the third brother at Hawkesbury was burned. The finances of the under- 
taking were thus so upset that the surviving brother was obliged to visit England. 
On-the journey down river, his canoe was upset in the St. Anne rapids and three 
children drowned. Before Mr. Hamilton’s death, however, in 1839, he had amassed 
a large fortune. Colonel McMillan, the founder of Grenville. before referred to, 
and Mr. George Hamilton, known as ‘Judge,’ were intimate friends, and notified 
one another when entertaining acquaintances, by hoisting flags on either side of the 
river. Colonel McMillan died of cholera in 1832. 

In the country about Hawkesbury, many pensioners of the war, 1812-14 were 
settled, and lived to ripe old age, five dying between ninety and one hundred. Cobbs 
island, in front of the town, received its name from the village blacksmith, and some 
veritable wag christened the adjoining island ‘ Cobbstail.’ 

The Hawkesbury mills were a great factor in the development of the valley; the 
money dispersed for wages on the Rouge, the Gatineau and up as far as the Du- 
moine, gave great assistance to settlers in their first starts. 

The Canada Atlantic, now Grand Trunk railway, built a branch into the town 
about 1896, and the Great Northern bridge was completed abont the year 1900, giv- 
ing access by that road to Quebec. There is a span of 114 feet over the Grenville 
canal, with flanking spans of 55 feet each; then a wooden trestle, 315 feet long, 
leads to the shore, whence the main bridge of seven spans, each 2064 feet, extends 
across the Ottawa to Hawkesbury. The piers were built in the rapid water, and con- 
siderable difficulty was experienced in removing the boulders, gravel and sawdust 
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which overlaid the rock in some cases. The Ontario end of the bridge is a timber 
trestle, 1,320 feet in length, which crosses the main street of Hawkesbury. 

Lumber may be shipped from Hawkesbury by rail or by barge to Montreal or 
to Lake Champlain, and coal for the Riordan pulp mills is brought in by boat. 


L’ORIGNAL. 


Five miles above Hawkesbury is L’Orignal (the moose), the county town of 
Prescott, There is a saw mill here, and between it and Hawkesbury are two other 
mills along the shore. The river here expands into a lake for five miles, the south 
part being a shallow bay, that necessitates a long approach to the town wharf. 

The township of Longueuil was granted as a seignoiry to Baron de Longueuil 
1672, being the only one ever granted in the area of the present Province of Ontario. 
It was sold to N. H. Treadwell, 1796, for £1,000, but he would not take the oath of 
allegiance during the war of 1812-14, and, like other Americans, was obliged to leave 
the district. His son, however, C. P. Treadwell, recovered his father’s land in 

’Orignal, 1823. A homage title was granted, 1827, and he became sheriff of Prescott, 
and Russell, 1834. He was an active citizen, and advocated a Pacific railroad in 
1845. 

The first child born in L’Orignal was John Wurtele Marston, 1806. His father 
came from New Hampshire, and visited L’Orignal with Mr. Treadwell in 1796, sett- 
ling there 8 years later. 

Hon. Alex. Grant, born 1773, was a Nor’wester, but in 1805 bought L’Orignal 
Point and began trading with the Indians on his own account. He discovered Cale- 
donia Springs, 1806. L’Orignal was called then ‘New Longueuil,’ and consisted of 
but a few houses, in fact there were only a few settlers in the county. 

Captain Pridham came to Montreal, 1815, and lived in Lachine, leaving there 
November, 1820, for L’Orignal, to build a house for Mr. Grant. He made the journey 
to Point Fortune with his wife by bateau; leaving November 12, they spent the first 
night at Pointe Claire, the next at Ste, Anne, the next at Como, and finally at Point 
Fortune, whence the last stage was made afoot. In June, 1821, Pridham walked to 
Montreal and back; such was early travel along the river. 

L’Orignal became the county seat only in 1825, and then it was but a hamlet of 
twelve houses. The courthouse was begun the same year, and, in 1828, a delinquent 
was condemned to the pillory, which stood in front of the courthouse. Among’ old 
documents the lash for stealing is recorded 1817, and up to the good full measure of 
thirty-nine. . 

Saw-milling and grist-milling were carried on, and later a tannery and a marble 
cutting shop were erected, the latter still being in existence. 

Above L’Orignal lake both sides of the river are steep, but of only medium height 
up to Montebello. 


MONTEBELLO AND PAPINEAUVILLE. 


In front of the town is Ile Rosalie, a point of the Laurentian granite that crosses 
the river just here and gives to it the familiar scenery of the Thousand Tslands. 
Champlain exchanged one of his crew for an Indian here as hostage. At one time, 
possibly the river had another bed south of this point, along the line of the Georgian 
lake and other ponds to an outlet in L’ Orignal bay. See plate 6. 

Dr. Ebenezer Winters, an American, who had fought at Bunker Hill, settled 
at Montebello between 1815-20, and practised medicine. 

Montebello was the home of Hon. L. J. Papineau, a leading agitator in 1837; after 
pardon was extended to all participants, he returned to live here in retirement and 
greatly beautified the place. The seigniory was granted to Bishop Laval in 1674, who 
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was, therefore, the first to hold land in the valley, just four years after the Hudson! 
Bay Company received its charter in America. Papineau obtained the seigniory by 
purchase. It was about 15 miles square, and included the lower part of the North 
Nation river basin from Simon lake, and all of the Salmon river basin with 
its head lake, Papineau. About 1890, Senator Owens purchased 128 Square miles of it, 
and now there is a thriving lumber business at the new town of Fawcett at the mouth 
of the Salmon river. 

Papineauville is 4 miles further up, but cannot be seen from the river, owing to 
a long point of land extending from the mouth of the North Nation river and enclosing 
a narrow bay in front of the village. There is a steamer wharf on the river side of the 
point, whence freight and passengers are transferred to the bay and then scowed to 
the village. The saw-mills of Senator Owens has also a wharf for loading lumber 
barges. 

On the Ontario shore, although steep and fairly high to the mouth of the South 
Nation, there are several wharves where the navigation companies land the freight 
for inland towns; thus Brown’s wharf, Lefaivre and Treadwell give access to Alfred 
Centre in Alfred township and Jessup Falls in Plantagenet township. 


SOUTH NATION RIVER. 


The South Nation river drains a basin of 1,400 square miles, stretching back to 
within 3 miles of the St. Lawrence at Iroquois and Prescott. It was a great factor in 
the settlement of the townships of Plantagenet, Clarence, Cumberland and Gloucester, 
fronting upon the Ottawa river. Down its valley and along its tributaries, the Castor, 
the Scotch river and the Brook, came the lumberman in search of pine as early as 
1810. The logs could easily be brought down to the ‘ Pitchoff’ or J essup Falls, and ~ 
here a sawmill business soon developed. See plate 3. 

Colonel Fortune secured land here 1811, and with Mr. Hagar, built a dam and 
operated mills, 1812. Plantagenet Springs were discovered 1800, but were little known 
till the beneficial effects of the water during the cholera, 1832, brought them into notice. 

As settlement proceeded, the river was the highway and lumber was loaded on 
canoes at the falls and taken up to Casselman; in later years, a tug and scow were 
in the service. 

Prescott county was generally settled by the same class of people as Argenteuil 
county across the Ottawa, but the ready communication with the St. Lawrence front 
by the Nation river brought in a number of United Empire loyalists. 

In 1816, the Ottawa district was formed out of portions of the present counties of 
Prescott, Russell and Carleton; till then Prescott formed a part of Glengarry. 

Just about the mouth of the South Nation is the village of Wendover, and a 
wharf serving the township of Plantagenet. Across the river on the north shore is 
another long neck or presqu’ile enclosing Black bay at low water, but completely 
covered at high. Between Wendover and Clarence are several islands known as the 
Horseshoe and Thurso islands. See plate 6. 


ROCKLAND MILLS. 


Above these is the town of Rockland, established by the two mills of the W. C. 
Edwards Company. These mills have created a thriving town; a branch line of 
the Grand Trunk railway, from South Indian, gives access by rail, and the Canadian 
Northern railway is under construction. In front of the mills are extensive wharves. | 
The river is narrow here but very deep, so the current is not swift. 

On the Quebec side of the river is the township of Lochaber settled in 1807 by 
Major MecMillan’s Highlanders. The principal town is Thurso, and through the town- 
ship flows the Blanche river, which drains Echo lake and Whitefish lake and is about 
thirty miles long. 

The south shore from Rockland to Ottawa is a narrow watershed about five miles 
wide, which drains to the Ottawa by small creeks. In rear of it is the basin of the 
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South Nation river. The land is low on the immediate river front, but rises quickly. 
inland. The mouth of Green creek in Gloucester township is low and marshy. 

The Nation is subject to spring floods, because there are no equalizing lakes along 
its course. At the end of April the river flows at the rate of 24,000 cubic feet per 
second, but early in the summer its discharge has shrunk to a couple of hundred 
cubic feet per second. As its flood has passed before that of the Ottawa begins, it has 
not to be reckoned with in the restraining reservoir system proposed. See plate 3. 

Contrary to the general opinion, the clearing away of a forest does not necessarily 
produce floods. Snow in the woods not drifted, but les in an even layer shaded 
from the suns of March and April. It, therefore, does not melt till the warm air, 
day and night in May melts it like a hot blast, and the snow is discharged suddenly 
into the streams, in conjunction often with copious rains. 

The sources of both the Nation and Rideau rivers are to the south, and liberating 
slightly before their outlets, arrive on top of a gathering flood. Settlement too brings 
numerous bridges, each for economy, narrowing the clear way of the river. In ordinary 
years this does not matter, but when melting snows and falling rains unite to form an 
extra high flood, then each bridge becomes a partial dam and the flood level is raised a 
little higher than ever before known. The swamps too have been drained and no 
longer act as storage reservoirs. 


TOWNSHIP OF GLOUCESTER. 


The Billings were the first settlers in 1803, and it was surveyed in 1820. Billings 
-bridge was the first one built across the Rideau river. Dug-out canoes were used 
because stronger than those of bark, but the bark canoe was used for light traffic. 

In all these settlements the Yankees knew, what the British had to learn by ex- 
«perience, about clearing, fencing, building, stock raising and wintering, so they led 
the settlements and filled the posts of councillors, justices of the peace, &c. 

The Nation river was settled from Glengarry and Cornwall. Nepean and Glou- 
cester were settled about 1810, Goulbourn about 1819, and Osgoode among the last 
in Carleton. See plate 1. 

Men working in the shanties observed and remembered the best tracts of land, 
which they took up as farms when they were able. 


TOWNSHIP OF OSGOODE. 


Osgoode was surveyed along the Nation by McDonald about 1825. It had very fine 
pine and oak. Grist was taken to Dickenson Landing. The township was cut off 
from the Bytown settlement as there were no roads, while the Castor and Nation 
rivers gave them a highway to the St. Lawrence. See plate 1. 

The Bytown and Prescott railway was begun about 1853 through the efforts of 
Mr. Robert Bell, its president, and at one time editor of the Packet newspaper. 


TOWNSHIP OF CUMBERLAND. 


Robert Fraser of Cumberland introduced bob-sleighs. Previously timber hauling 
was done on only one sleigh, while the ends of the pieces trailed along the road. 
Much larger loads and greater economy were effected by Mr. Fraser’s system, but it 
was only adopted after great opposition. 

When the timber was being cleared off, there was a trade in potash from the 
burning necessary to clear the land for farming, and the revenue from this was con- 
siderable. 

South Gower was surveyed in 1817; North Gower in 1826. Governor Simcoe’s 
proclamation of free lands and the building of the Rideau canal attracted many 
settlers from the United States about 1831. 

The flooding of the lands by the dams made for the canal is said to have produced 
malaria, and the country seems to have been unhealthy for some years. Smallpox 
broke out, and there were practically no doctors. 
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TOWNSHIP OF BUCKINGHAM AND LIEVRE RIVER. 


On the Quebec side of the river a large area of the immediate shore is flooded 
every year during high water. It is thickly wooded with a growth of large elm. 
There is a good wharf at Masson, which serves the village of Buckingham, four miles 
inward, where the Maclaren lumbering industry is situated. A short branch connects 
the mills with the Canadian Pacific railway along the north shore. See plate 1. 

Buckingham township was laid out in 1799, being, with Chatham, lower down, 
one of the two first townships to be surveyed. Through it flows the Lievre river, 
which is one hundred and sixty miles long. Its discharge is twenty-two thousand 
cubic feet per second in May, decreasing to fifteen hundred in September. The basin 
area of this river is four thousand square miles. The mean flow for a period of 
seventy-five days Ist May to 15th July, is about nine thousand cubic feet per seeond. 
It is used for power purposes, and a reduction in the flow below three thousand 
cubic feet per second would cause complaint. There are many lakes along the course 
of this river, which may be used as storage reservoirs to hold back the spring floods. 
A number of these lakes could be dammed and allowed to accumulate water till they 
rose eight feet, while, during that period, an average flow of five thousand cubic feet 
could be passed out every second. The combined areas of these reservoirs would' be 
equivalent to eighteen hundred square miles one foot deep, or one hundred and eighty 
miles ten feet deep. See Appendix N, and plate 3. 

The river is navigable from above Buckingham twenty miles to Poupore, where- 
there is a lock and dam, by which boats can go twelve miles further up. Two serious 
landslides have occurred upon this river, ore near the locks in 1904 and one at 
Salette in 1908. 

Opposite Masson wharf is Cumberland wharf, which serves the township of tha 
same name. The shore above Cumberland is low, and there are some islands opposite 
Daniston. 


TOWNSHIP OF TEMPLETON. 


The town of East Templeton is on the north shore, and at the wharf are large 
mills, owned by the East Templeton Lumber Company. The foreshore is low, and 
a long point encloses a bay similar to those at Papineauville and Thurso. The Little 
Blanche river flowing through the township has its rise in Grand and McGregor 
lakes, about twelve miles back. Phosphate mining was carried on in Templeton and 
Buckingham from 1874 for twenty years, but nothing is now mined, as the competition 
of the Georgia and Florida deposits have reduced prices to an unremunerative basis. 


TOWNSHIP. OF HULL. 


Hull, although settled in 1800 by Mr. Wright in advance of any other place in 
the valley except Burrit Rapids, was itself slow in growing, but was the base for 
the district. Men engaged to work on some of Mr. Wright’s farms till they learned 
for themselves, and the level, fertile lands of Templeton, Hull, Eardley and Onslow, 
in Quebec, and Gloucester, Nepean and March, in Ontario, attracted many people 
from the States, among whom were some United Empire Loyalists. The closeness of 
the mountain range to the north shore narrowed the fertile belt, but to the south were 
large areas of flat farm land. Hull too, being at the foot of an eight-mile barrier to 
navigation, carried on a transfer business for all the upper river, as the route fror 
Tlull to Aylmer was on the concave side of a great bend in the valley. The lumber 
shanty was everywhere the outpost from which the settlement sprang. 


NORTH SHORE RAILWAY—Q.M.O. & O. 


The first direct rail connection to Montreal was in 1876 by the Quebec govern- 
ment road, now operated by the Canadian Pacific railway, and the line was extended 
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as far as Aylmer. Previously the rail route to Montreal was via the St. Lawrence 
and Ottawa to Prescott, thence by the Grand Trunk railway. In 1887 the Pontiac 
Pacific Junction railway (now Canadian Pacific railway) was built west from Aylmer 
to Quyon, Shawville, Coulonge and Waltham, its present terminus, and in 1891, the 
Gatineau Valley railway gave connection up that river to Maniwaki from Hull. 


TOWNSHIP OF NEPEAN. 


The earliest settler in the township of Nepean was Rice Honeywell, 1810. He 
came from Prescott, and the next February married there and came down the 
Rideau on the ice to Hog’s Back with an ox and ‘jumper’ sleigh. During the war 
1812-14, Honeywell brought three barrels of flour from the St. Lawrence, because the 
price asked at Hull was too dear. He was forced to sell two barrels to neighbors, 
who gave him $50 per barrel. 


RICHMOND SETTLEMENT. 


The first store on the Ontario side was kept by Collins, opposite the foot of 
Victoria island; he sold to Bellows, who built a wharf about 1815 called ‘ Bellows’ 
Landing.’ ; iH ; 

After the Napoleon wars the army was reduced, and officers and men of the 
Ninety-ninth and One Hundredth Regiments at Quebec, accepted land grants and 
chose Upper Canada in which to make new homes under their old flag. The party of 
colonists left Quebec July 28, 1818, upon the same day that the Duke of Richmond 
arrived, as governor, and so, filled with enthusiasm, they called their new settlement 
‘Richmond.’ On their arrival at Ottawa, August 15, the name ‘ Bellows’ Landing’ 
was changed to ‘Richmond Landing.’ They camped on the Flats, and Collins’ store 
supplied their needs until they organized themselves and cut a road through to 
Britannia, Bells Corners, and up the Jock. For some reason they preferred the 
banks of the Jock to the Rideau or the Ottawa. Shanties were built with great 
rapidity in the new settlement, and by Christmas the last tents were abandoned. 

In 1819, the Duke of Richmond determined to travel over the Rideau Canal route 
so as to report to the Duke of Wellington. He arrived in August, 1819, and the 
Richmond colony gave him a grand reception, but it was noticed he became very 
agitated at the sight of water. On going to embark in a row boat down the Jock 
next day, he was seized with violent convulsions, and died of hydrophobia, contracted 
through the bite of a pet fox at Sorel. His body was taken to Quebec. 

The township of March, surveyed 1823, was named after one of the titles of the 
Duke of Richmond—Earl of March. Prior to the survey the farms were taken up by 
mutual consent along the river front from Nepean to Torbolton, and the surveyors, 
John MacNaughton and Hugh Falls, ran lines afterwards. There was always a good 
fellowship and a strong patriotism throughout the settlement.. The largest and best 
pines were reserved to furnish the navy with masts, 

An average house was of logs, fourteen feet by twenty and eight feet high, with 
scoop roof, standing in a clearing of five acres fenced around with poles and brush. 
The bush was chopped down during winter and the land burnt off in spring, then a 
crop was hocd or raked in between the stumps. An acre then yielded forty bushels 
of wheat, sixty of corn or oats, and four hundred of potatoes. Among the settlers 
was asprinkling of U.E. Loyalists, who helped greatly by their knowledge of bush 
farming, that had been begun in the United States a hundred years before. They 
knew all about oxen, stock-raising, agriculture and lumbering. 

Lumbering was always the first industry taken up. The horses and cattle en- 
gaged in the business created a ready market for oats and hay, but, as the lumbering 
moved further and further up the river, the farmers had to seek a market up the 
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Madawaska and Bonnechere, driving their loads up and returning empty in from one 
to three weeks’ time. This market eventually ran out, as the upper country was 
cleared and nearby farmers could supply the shanties. 

In 1830, the people feared frosts as they formerly did in Manitoba, and there was — 
anxiety, lest the grain crops would not be sufficient to supply the people’s wants. 
Flour was $16 to $20 per barrel at times; cotton, 25 cents per yard; butter was sold 
for years at 10 cents; beef, 3 cents to 4 cents, stall fed, 7 cents. 

In the early days wild pigeons and other game were very plentiful. It was neces- 
sary to import pork to supply the large demand for the lumber trade. Chicago was 
not in existence, but it came from Cincinnati. Beef was sometimes salted and kept 
in wheat straw. Pemican was never used in the eastern country. 


Bad roads forced both rich and poor to make the journey to Brockville, Perth or 
Prescott on foot, and carry home their purchases on their backs. In winter several 
grists would be taken to the mill on one ox sleigh. ‘There is a story told that the 
settlers turned out en masse to find a lost darning needle because it was the only one. 


Tn 1833 the Richmond road was only a track between stumps. 


In 1820 seed grain and potatoes were packed forty miles on men’s backs. Some- 
times a long journey on foot to procure the implements and hardware. or the ‘irst 
year rations granted by the government, would result in an empty handed return. 
Either the supplies were not available or a bumptious agent refused them out of 
eaprice. ‘Man’s inhumanity to man.’ 

Grist was often taken across Aylmer lake to Wright’s mills or to Britannia .and 
there was also the Sheriffs mill at Chats rapids, and later, one at Richmond. 


Richmond village on the Jock, a branch of the Rideau, was the commercial 
center for years before Bytown, which was then only Richmond Landing. 


BYTOWN. 


Development at the site of Ottawa city was slow. In 1816 John Burrows took 
up the first land grant, and in 1826 sold the area between Sparks street and Laurier 
avenue, and eastwards from Concession street to Nicholas Sparks for $400. This was 
then wild swamp land, a creek flowing east along what is now Slater street, and there 
were three houses near the falls. 


The advent of the Royal Engineers to construct the canal in 1827 was the origin 
of Bytown. In the beginning of that year ‘nothing could be heard but the clinking 
of hammers in building houses, the noise of drills boring rocks and a perfect cannon- 
ade of blasts.’ In 1832, Bouchette describes the village as well laid out, with wide 
streets, and having 150 houses, mostly wooden, “many of neatness and taste.’ 

The Imperial Union Bill, 1840, included Bytown as of sufficient importance to be 
represented in the United Parliament of Canada, and Lord Sydenham recommended 
it as the seat of government. The population in 1845 was 7,000, but it fell off during 
the great depression in the lumber trade that followed, recovering about 1850, when 
the number was 6,000. Telegraphic communication was established with Montreal — 
about 1850, and there were two sawmills, one grist mill, four founderies, an ashery, 
seven tanneries and four breweries. There were three banks besides loan and insur- 
ance companies, also eight schools and three newspapers. The population in 1870 was 
25,000. 

In 1859 the central block of the parliament buildings was begun yin pursuance of 
Lord Sydenham’s recommendation, (1841),as the seat of legislature for the United 
provinces of Ontario and Quebec, and at federation, 1867, the central building was 


taken over and two others similar to it were put under construction. 
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Aylmer, owing to its easy accessibility from the upper river, was for many years 
before railways were built, the county town of Ottawa county. The court house was 
built there 1852, but destroyed by fire and rebuilt 1865; in 1895 the county seat was 
removed to Hull. , 


QUIO, FITZROY AND CHATS. 


Above Ottawa the lumbermen began to penetrate and in their wake came settle- 
ment. The roads to their shanties became the travelled roads and people took up 
farms along them. In this way the townships of Onslow, Bristol, and Clarendon were 
opened up at an early date. 

Quyon was originally a North-west post during that company’s flourishing period 
and, after 1820, was still kept by the Hudson’s Bay Company. Bouchette describes 
it in 1832 as a dilapidated dwelling and an Indian trading store. 

Fitzroy Harbour opposite Quyon originally settled by the Shiriff family (1818), 
who came from Port Hope. They explored the Chats rapids and his sons also ex- 
plored the Ottawa-Georgian Bay route for the British Government. The first develop- 
ment of power was on the Ontario side of the Chats Falls, 1825. 

By 1850 a horse railway had been made on the Quebec side to transfer the lumber- 
men’s freight from one steamboat to another and Mr. Egan had a sawmill in opera- 
tion. | 

The Chats Falls flow over a spur of the Laurentians that extends across the river 
southwards to Galetta. The rugged top of this spur forms a number of small rocky 
islands covered with pines and hardwoods that at once suggest Thousand Islands 
scenery. An Archaean outcrop either in the St. Lawrence basin, along the coast of 
Nova Scotia or between Vancouver island and the Mainland always produces the same 
delightful landscape. 


CHATS CANAL. 


A canal to surmount these falls was begun through the efforts of the Hon. John 
Egan, about 1854, but never completed. Its projected length was 2-8 miles, with six 
locks 190 feet x 45 feet x 7 feet depth on sills. The total lift would have been 49-8 
feet. The expenditure was $483,000. A. P. MacDonald & F. Schram were the con- 
tractors. 

Above Chats falls, Arnprior lake is pent up and near its lower end the Madawaska 
enters from the southwest. This river ig very rough in its upward stretches and, till 
1835, defied the attempts of lumbermen to gather its rich pine treasure, Opeongo 
lake, in the beautiful Algonquin Park 2,000 square miles, constitutes the headwaters 
of the river and also of the Muskoka, Petawawa, Bonnechere, Amable du Fond, Maga- 
natawan and South rivers. 


ARNPRIOR. 


At the mouth of the Madawaska is the thriving town of Arnprior, 4,500 popula- 
tion, surrounded by a fine agricultural and grazing country and largely supported by 
the McLaughlin milling industries. 

A Highland Chieftin ‘ The McNab’ obtained a grant of the land in the vicinity 
in 1823, and Bouchette, 1832, mentions his residence ‘ Kinnell Lodge’ as then in ex- 
istence. In 1831 the Buchanan Brothers secured from Chief McNab a mill privilege 
and saw and.grist mills were erected, the village being named after their native town 
*n Scotland. These mills were sold to McLaughlin Brothers and rebuilt and enlarged 
in 1850. 

~The Bonnechere enters from the west a few miles above Arnprior draining Golden 
lake, which lies 18 miles south of Pembroke. Castleford a small hamlet is at the 
mouth but six miles above is the considerable town of Renfrew at the second chute 
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where the Canadian Pacific crosses the iver. Till 1874, Renfrew was the terminus 
of the pioneer railway, the Canada Central, now Canadian Pacific main line. 


PORTAGE DU FORT. 


Following up the Ottawa past Chenaux island is Portage du Fort, a settlement of 
some antiquity, Bouchette states, 1832, that the portage was one quarter of a mile long 
over white marble, with only ‘Bissetts Chantier’ and clearing, which was, how- 
ever, much frequented by traders and voyageurs as a stopping place. This place 
as before stated, was the head of navigation on Arnprior lake. In the early 
times the Indians did not pass this way but landed below Chenaux island and portaged 
up into Catherine, Town and Olmstead lakes, then down into Muskrat lake where Cob- 
den now is, continuing through the Muskrat river to the present site of Pembroke. 
This was a short cut and avoided the many strong rapids met between Portage du 
Fort and Coulonge lake, in following the main river. 

This short cut was the route taken by Champlain in 1613 and, in 1867—Con- 
federation year—Captain Overman of the Union Forwarding Company found a small 
ship’s instrument, an astrolabe, lost by the celebrated discoverer. Champlainfixed 
his position at the foot of the portage but made an error and continues his error by 
dead reckoning, up to Pembroke, which was the end of his journey tha year. 


ROCHER FENDU AND CALUMET. 


From Portage du Fort to Coulonge lake, the river divides around the east and 
west of Calumet island, for here the river’s course is almost south. The west branch 
is the Rocher Fendu channel almost a continuous rapid through a rock cafion. The 
east branch flows over the Grand Calumet falls at Bryson and the d’Argis (Bou- 
chette, 1832) rapids and Mountain chute. 


/ 
BRYSON AND COULONGE. 


Ae the head of the Grand Calumet, opposite the village of Bryson, is the monu- 
ment to Cadieux made from the marble of the vicinity. 

Above Bryson the river is narrow and shallow but navigable to the Grand Marais 
flats at the head of Calumet island and through Coulonge lake. 

Fort Coulonge is mentioned by Bouchette (1832) as a Hudson’s Bay post and 
agent’s residence. He also states, that at that date, lumber contractors had penetrated 
to the Allumettes lakes. 


PEMBROKE. 


Pembroke has a population of six thousand and, for a long time, has been known 
as the capital of the upper Ottawa. It was, as before explained, the head of the In- 
dian short trail from Arnprior lake, being at the mouth of the Muskrat and Indian 
rivers where they unite and fall into the Ottawa. There’was an Indian village on the 
site in 1613 when the first whites—Champlain’s party—visited it and were enter- 
tained by the Chief Tessoiiat, who had cultivated a garden. Here too, it was that 
Vignau confessed to the falsity of his statement, that, two years previously, he had 
been to Hudson bay and seen British ships attacked and the crews killed and eaten 
by cannibalistic Indians. 

Champlain held a pow-wow with the Indians and went no further that year but 
retraced his journey to Montreal. This is said to have been the first assembly of its 
kind in Canada; it at least, was the first in the Ottawa valley. 

The first settlement of Pembroke was in 1825 when emigrants from Miramichi, 
N.B., came to found new homes after the disastrous fire of 1825, naming the village 
Miramichi, after their old home. In 1828, Peter White and his family paddled their 
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way up from Bytown, the journey occupying 14 days. A daughter born that same year 
is said to have been the first white child born in the locality. 

The first mill was erected by W. A. Moffat, 1840, and the site of the present town 
was divided into lots. 

Tn 1850, the township of Pembroke had a population of 420 and the village pos- 
sessed a saw mill, a grist mill and residences of persons connected with the lumber 
trade. At this date Ottawa was endeavouring to attract mill owners to the Chaudiere, 
as the completion of the St. Lawrence canals five years before, had changed the traffic 
route and cut deeply into business prosperity. 

The basin of the Ottawa was little known in 1850 because immigration did not 
pass that way. Only one-eighth was organized into townships, which contained a very 
sparse population. Another eighth would include all the extent lumbered over, there- 
fore three-fourths was wholly unoccupied, except by the remnants of Indian tribes, 
and unknown, except to a few Hudson’s Bay traders. 


RAILWAY DEVELOPMENT IN THE OTTAWA VALLEY. 


Into this wilderness however a potent force was on the eve of entry. Steam had 
already won to civilization the lower valley, through the transportation facilities 
offered by the steamboat but a new application of this wonder-working steam—the 
railway—was coming. It was capable of transporting, not only up river and into the 
tributaries but also across the valleys and into adjoining ones, thus gaining almost the 
very doorsteps of settlers and carrying, not only in summer, but through the frosts 
and snows of the severest winter. 


The following railways were in operation in Canada in 1850 :— 


Meri trOal: ACHING cies leks ee leo Maeliey a 5)! ea 8 miles. 
Champlain and St. Lawrence (St. Johns to Rouse Point). 48 “ 
St. Lawrence & Atlantic (Laprairie to Sherbrooke)... .. 95 “ 
Montreal and New York (Caughnawaga to Mooers.. .. SDP Es 
Grand Trunk (Toronto to Norval).. .. 6... e+ ee ee ee OTs 182 


Besides this, 628 miles were under construction, of which the Prescott to Bytown 
railway, 54 miles long, was nearly completed. 

Tn 1857 the project for a railway along the north shore of the Ottawa took shape 
and twelve miles from Carillon to Grenville were built but the projector died and 
nothing more was done. It remains a broad gauge to the present day. See page 516. 

The necessity for a railway in the Ottawa valley was great and, in 1847, Mr. Ay 
C. Keefer the veteran engineer of Ottawa published an article to advocate a road from 
Montreal to Toronto, in which he said. ‘If Montreal, the natural market for Bytown 
does not exert herself the latter will make no great effort to avoid a connection with 
Ogdensburg, N.Y. which is only half as far as to Montreal.’ 


ST. LAWRENCE AND OTTAWA RAILWAY. 


The first steam railway built in the Ottawa valley was the St. Lawrence and 
Ottawa, south through the Rideau watershed to a junction with the Grand Trunk 
main line at Prescott and to a connection by boat with the American system at 
Ogdensburg. This road was completed in 1854 and served as the only route to ‘the 
Front,” and Montreal, till 1871. Its opening was coincident with the advent of mill 
industries to the Chaudiere Falls (1851-57) and a branch extended around the west- 
ern part of the town to the lumber district. 


CANADA CENTRAL RAILWAY. 


The more important development, however, was westward, through the main valley. 
This began with the Canada Central (Brockville and Ottawa) railway from Ottawa 


19a—343 


532 DEPARTMENT OF PUBLIC WORKS 
8-9 EDWARD VII., A. 1909 


to Carleton Place and thence to the Grand Trunk at Brockville. There was also a 
branch from Carleton Place to Sand Point (1871) where connection was made with 
the Union Forwarding Company’s steamers to Portage du Fort and Pembroke. 

Lumber supplies now began to be carried in winter, men and horses were carried 
by rail instead of making the long up-river journey through the snow. The line was 
soon extended westward to Renfrew (1874) and then enthusiasm began to. be shown 
toward the, so far, little understood transportation by rail. 

Pembroke desired the advantages of a railway and a deputation interviewed the 
Canada Central manager and arranged to give free right of way and $75,000 bonus 
for an extension to their town. Work was completed about 776 and till 1881, 
Pembroke enjoyed the prestige of a terminus but the Pacific road was taking form 
under government management. It was intended to extend westward from Renfrew, 
following the Bonnechere, passing 20 miles south of Pembroke and south of Lake 
Nipissing. Influence was at once set on foot to prevent this, the argument that 
30 miles of railroad were already built, being pressed. 'The extension was made from 
Pembroke and the main river secured the Pacific road to Mattawa and North Bay. 
Pembroke later secured a grant to recoup it for the $75,000 bonus given to the original 
Canada Central Company. The railway at once changed the whole district and branch 
lines and improvements have followed and many more will yet ensue. North Bay was 
nothing in ’78, now it bids fair to be the distributing point for a Northern Territory 
larger than the original upper Canada of the Iroquois conquest (1650). 


FRENCH RIVER. 


From North Bay the navigation route crosses Lake Nipissing to the head of the 
French river. The shores are rock and the river entrance is filled with islands that 
again recall the Thousand Islands of the St. Lawrence. 

The Chaudiere Falls of the French river are wildly grand scenery, the descent _ 
being 20 feet into a lake stretch 9 miles long called in Indian Ho-chick-awa-chick or 
Las des Jeunes Maries as an Indian wedding party is said to heve perished in 
crossing. Into this reach flows the Restoul river from the south and the Wolseley 
from the north. The latter extends almost to the west arm of Lake Nipissing where 
the flourishing Monnette settlemient has sprung into existence during the-last few 
years. 

At the foot of the lake the French river divides around Eighteen-mile island, the 
north channel extending down 5 miles on the same level like a narrow rock-bound bay. 
There is then a succession of falls and rapids for two miles with almost mountain 
scenery on either side. Below this is a long river stretch widening into occasional 
lakes, down to Dry Pine lake where, by a 7 foot fall, it reaches the main French again. 

The main river below Lac des Jeunes Maries is a succession of rapids for five 
miles. Below is a magnificent river stretch bordered by bold rock shores with deep 
narrow bays resembling Norkeigan fjords. Eighteen-mile island forms the north 
bank and, though wild and rugged along the river, there are a few good farms 
further in. 


INDIAN LEGENDS. 


Two Indian legends are associated with this reach of river, which were related 
to the writer by the Old Chief Pe-ta-wachuan (I hear the rapids far away) known 
and respected for many years as ‘ Chief Duckies’ of Chaudiere portage. Half-way 
down the reach on the north side, is a great obelisk-like rock, that much resembles a 
huge owl and, in the river, are three small rock islands. Their existence is thus ac- 
counted for. Once, long ago, a great hunter of fabulous skill gave chase to a huge owl 
and three owlets. These he pursued night and day till, in desperation, her little ones 
becoming exhausted, she threw them into the water, where they instantly became rock 
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peaks, while the mother perched on the bank and turned to stone still guarding her 
brood. 

Near the foot of the reach is tht opening scene of the other tragedy. Here, an 
ancient land slip has led to the fanciful tale of another great hunter, who was camped 
with his family near by when a monster beaver, as shrewd and wicked as he was 
powerful, stole the hunter’s child and retreated to his dam. The infant’s piteous cries 
proclaimed its whereabouts and the frantic father began an attack that breached the 
dam, as the slide authenticates, but not before the wily beaver managed to escape with 
the baby and take up a fresh stand behind a curious rock outcrop, some 15 miles up 
river in the Five-mile rapids. Hither the father pursued and again disloged the 
beaver, and this time abandoned the child and beat a hasty retreat across Lake 
Nipissing and through Trout lake to a rocky hill between Turtle and Talon lakes. 
There the beaver was killed with great rejoicing, the whole tribe gathered to feast: 
upon his careass, but, cut up and in the boiling pot, the tail still splashed the water 
into foam finally upsetting it, forming Pine lake, which sure enough is 10 feet above 
all its surrounding neighbours. No squaw to this day lets the beaver meat boil over 
either, be it known. 

At the foot of Eighteen-mile island the French river is really a lake, whose area 
is very much diminished by groups of islands. There are two outlets, that by the 
main river flows through a rock cafion beneath the Canadian Pacific bridge and over 
the Recollet falls about seven feet, continuing on with but two very small rapids to 
the level of Ox lake. 

It is difficult to say whether the falls were named after the Recollet Fathers 
or after a small bird of very similar name. 


PICKEREL RIVER. 


The outer outlet is to the east of Cantin island, at a place called the Horseshoe. 
Tt flows down the Pickerel river, parallel to the main French and about one to two 
miles south of it, into Ox lake, where they rejoin. It was down the French river that 
Champlain and his followers made their voyage in 1615 to Lake Huron, and even- 
tually into the Trent valley. So long a time has elapsed, even since the river was 
abandoned by the fur-traders, that no legend or evidence of those stirring days 
remains. 

Lac de Beuf—or Ox lake for short—is an extensive area with steep rocky 
shores and many small rock islands, covered with spruce and hardwood. Besides 
being the terminal pond for the French and Pickerel rivers, it also receives the waters 
of the Wanapitei or Hollow Tooth river. The lake discharges itself by seven outlets, 
that over the Dalles rapids being the principal one and leading directly into the 
best harbour of them all. French river harbour was originally explored for deep 
navigation by the late Mr. Walter Shanly, who proved that, despite report to the con- 
trary, the inlet was deep and well suited for a navigation entrance. 

At present the French river is entirely devoted to lumbering enterprise, and 2 
couple of steam tugs have been hauled up over the Dalles rapids and the Horseshoe 
falls to work on the two lower stretches of the river. There are also large mills with 
workmen’s residences forming French River village upon the south shore of the 
harbour. 


THE SQUARE TIMBER TRADE. 


The first step in a lumber enterprise was to obtain a limit from the Crown. They 
were rented by auction, the area being usually 10 miles square, and, in 1870, the 
rental was from $1 to $2 per square mile, with an additional charge of one cent per 
cubic foot on square timber and ten cents per standard sawlog of 12 feet length 
and 21 inches diameter. The Crown rented 31,600 square miles of forest in 1867, de- 
riving a revenne of $361,670. 
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Having secured the limit, it was explored by bush rangers and a site selected for 
a shanty, which was built of round logs with a central fireplace or ‘camboose” A 
wooden crane supported the cooking kettle, and*the open fire not only served for cook- 
ing but gave heat and light to the men, whose berths were -ranged along the ralls. 
Provisions were carried up by steamboat and pointer boat in the autumn, augmented 
latr on by the sleigh loads, hauled, sometimes, 200 miles over ice and snow roads. 
The supplies were simple :—pork, flour, beans, tea and rough clothing. 

There were three grades of workmen :—timber hewers, whose wage ran from $20 to 
$25 per month; teamsters and ‘swampers,’ or road makers at $10 per month for their 
first year. 

The tree having been felled and hewn square was hauled to the nearest creek, and 
everything prepared for an immediate start when the ice began to move. On the 
smaller and more rapid tributaries, the timber was floated through by booms of loose 
pieces till reaching the larger stream, cribs could be formed. These were not over 
26 feet wide to allow of passing the various slides, and only a-single timber in depth 
compared with a draft of 5 feet for St. Lawrence rafts. Each crib was held together 
by ‘ traverse’ pieces across the top, and upon these, four ‘loading sticks,’ the largest and 
longest timber, were held between wooden pins driven into the traverse pieces. As few 
holes were bored in the timber as lossible, of course, and, in the earl ydays, birch 
*withes’ were employed to tie the pieces together; the twisting of these withes was 
quite a trade. 

At first fifty cribs were secured together to form a raft, but, during the seventies 
and eighties, as many as two hundred cribs were massed together. On arrival at 
each of the twelve large raipds between Mattawa and Montreal the raft was broken 
into separate cribs, each of which was run singly and re-rafted at the foot. On the 
St. Lawrence rafts were run in large sections, and, owing to deeper draft and the 
heavy oak sticks they carried, ‘whites’ were always used. Sails were more used on 
the St. Lawrence than on the Ottawa where the lakes were less open to winds. 


MAGNITUDE OF THE TRADE. 


A pamphlet on the lumber trade of the Ottawa Valley, dated 1871 (anonymous) 
States that ‘during the last few years’ eighty million cubic feet had been cut in 
Canada, of which thirteen million dollars worth was exported, over half going to the 
States. Then fifteen thousand men were employed in the woods, and ten thousand 
in the mills. The transportation of timber from Quebec employed a fleet of twelve 
hundred large ships. Most of these were driven out of business by the Plimsoll Act, 
although their cargo was light, buoyant wood, and their practical sea-worthiness for 
that trade was attested by their purchase and use for many years after in carrying 
timber from Norway to Great Britain. 

The Hon. J. K. Ward states in the ‘Canadian Record of Science’ that, forty 
years before, fifty wooden ships were built at Quebec, and that eighteen million cubic 
feet had been exported in one season. In 1894, however, only three million cubic feet 
of square timber went out, as the trade had changed to sawn lumber, which was 
handled at Montreal. 

Intendant Talon made the first shipment of timber from Canada in 1667, just 
two hundred years before confederation, and one hundred years before Watt’s patent 
for the steam engine. 

Philemon Wright opened the raft trade in the Ottawa valley, 1806, and then had 
a saw mill for his local needs, but the earliest mill was built at Point Fortune, 1790. 
Mr. Ward describes it as having one upright saw, and, so slowly did it eut, that the 
owner could eat his dinner while a board was being detached. Modern band saws 
detach a board in four seconds. 

The square timber trade received a great check in 1825 when the British duties 
on Baltic timber were lowered. Many small men were ruined, and only the strong 
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firms survived; but, with the mania for building railways in Britain culminating 
in 1845, the demand for timber became very brisk, and each year saw a greater out- 
put. In 1845, nearly twenty-eight million cubic feet came to Quebec, and twenty-four 
million was exported. All might still have been well, but, not knowing the prospective 
demand—for there were no cables, but only slow packets to give news of the markets— 
the lumbermen brought thirty-seven million cubic feet to Quebec to supply a demand 
of only twenty-four million (1846), and prices fell to a ruinous degree. In 1847 the 
left over and fresh supply amounted to forty-five million cubic feet for a demand of 
nineteen million, and, in 1848, thirty-nine million cubic feet were presented but only 
seventeen million sold. 

Three causes are given for the evident over-production in Canada, the first being 
erroneous government regulations that required large quantities of timber to be cut 
each year off each limit leased. The second was a threatened reduction of the area 
leased from 100 square miles to 50, so that lessees pushed forward the cutting in order 
to have the cream off the large area. Thirdly, imperfect surveys caused disputed 
boundaries and encroachments, with consequent appeals to physical force. Firms, 
therefore, placed large gangs of picked men in the field, to fight if necessary, but 
‘certainly to make timber for their keep and wages. The large profits of 1845, however, 
must be considered the main incentive to the over-production. . 

Dues were collected on square timber at so much a stick, whether it was sixty 
feet or only twenty feet long. Only big timber, therefore, was cut, and soon the 
limit was abandoned for a fresh location, but this meant a new beginning and perhaps 
the loss of a good depot farm as well. A decreasing profit then, and a diminishing 
supply of large trees, led to the idea of manufacturing the smaller pine and shipping 
out sawn lumber. 


SAWN LUMBER INDUSTRY. 


Sawn lumber has completely replaced the square timber trade in the Ottawa 
valley. The saw mill, beginning at Point Fortune and St. Andrews, jumped to Hull, 
then, as each settlement began, a local saw mill was required, the most notable being 
the Hawkesbury mills which, remain among the largest in Canada. 

Tt was between 1850 and 1858 (Crimean War, Indian Mutiny and California 
Gold) that the Chaudiere mills at Ottawa were established by the advent of a number 
of American lumbermen, who were interested largely by Mr. G. M. Thompson. The 
reports of Mr. Wright’s success at Hull had determined Mr. Thompson to emigrate in 
1810 and build the first Chaudiere mill on the Ontario side. 

Exports of sawn lumber were impossible till the Grenville and Carillon canals 
were built, for, unlike hewn timber, it could not well be rafted and floated to market. 
At the present day only one great manufactory of sawn lumber is in operation at 
Chaudiere, the improved railway communication having made it possible to manu- 
facture much further up the river and still get the product economically to market. 


CHAUDIERE MILLS IN 1870. 


For a description of the Chaudiere saw mills at their prime, the following from 
an anonymous pamphlet (1871) is well worth preserving :— 

‘In this division of our subject we propose to lay before our readers an accurate 
and interesting description of some of the largest lumber factories in the Ottawa 
Valley, more especially those of the Chaudiere, from which some idea may be formed 
of the magnitude of this, the staple trade of Canada, and its great importance to 
the country at large, on account of the numerous branches of industry connected 
with and dependent upon this trade. The establishments described in this pamphlet 
are engaged chiefly in the export trade; they are in full work usually about five 
months of the year, from 1st of May to 1st October, and although much of the ma- 
chinery employed is self-acting and labour saving to an extraordinary degree, a large 
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number of hands are also employed. There are besides these larger establishments 
numerous smaller mills scattered over the country, wherever favourable locations and 
water powers are to be found, and engaged generally in local trade. In addition to 
the large amount of capital actually invested in the lumber trade, its importance 
to the country cannot be over estimated, because the whole of the industrial pursuits 
connected with it, such as for the maintenance of workmen and their equipment, 
must be carried on in the immediate neighbourhood.’ 

‘At the Chaudiere a series of well devised hydraulic works, have rendered avail- 
able for manufacturing purposes a fall of about twenty-nine feet, and as the lowest 
water ever known gave a discharge of 18,500 c.f.s., the power would be equal to 
33,956 horse-power; in high water the discharge is equal to 125,000 with a mean fall 
of sixteen feet, which is equal to 168,145 horse-power.’ 


LOGS CUT, WAGES AND SUPPLIES. 


The consumption of sawlogs by each of the six firms at Chaudiere, 1870, was 
about one hundred and fifty thousand, equivalent to thirty million feet of lumber. 
This required: 

450 men getting out logs, 300 men and teams. 

300 men piling and forwarding, 

The average number employed by each firm was 637 men, receiving $306,000, 
so that the whole six firms employed an industrial army of 4,000 men, paying them 
annually nearly two million dollars, all spent in the neighbourhood for their sus- 
tenance. 


The supplies required for the season in getting out 150,000 logs were :— 


825 bbls. pork, 75 boxes axes, 1 doz. each, 
900 bbls. flour, 60 cross-cut saws, 

500 bush. beans, 225 sleighs, 

37,000 bush. oats, 3,750 Ibs. rope, 

300 tons hay, 1,500 boom chains, 7 ft. each, 
3,750 gals. syrup, 45 boats, . 

7,500 lbs. tea, 900 pairs blankets, 

1,875 lbs. soap, ° 15 cookeries, 

1,000 lbs. grindstones; 375 cant-dogs. 


6,000 Ibs. tobacco, 
Costing, at a low estimate, about $54,367.50. 


The principal exporting establishments of that day (1870) with a short descrip- 
tion of each is appended :— 


BRONSON AND WESTON. 


This firm was established in 1853, and was the first to take up land at the Chau- 
diere for the purpose of establishing a sawmill on a large scale. 

They are now proprietors of two large saw-mills, a carding and grist-mill, lath 
and splitting mills, and own a large tract of land used as a piling ground—the whole 
premises extending from near the wooden bridge to the point of the island. They 
get out annually about 175,000 logs, producing between 30 and 40 million feet of 
lumber, of which from 5 to 10 million feet are always kept on hand. 

The large mill contains 2 stock gangs, of 30 to 40 saws; 2 slabber gangs, 14 to 
16 saws; 2 Yankee gates, 32 saws; 1 single saw; with the necessary butting and edg- 
ing saws. The smaller mill contains 1 slabber gate, 1 stock gate, and butting and 
edging saws. ) 

The wheels employed are Rose’s improved and the Lamb wheel. 

The lath mill contains 2 gangs for sawing laths, 5 or 6 saws each; a butting 
apparatus and picket saw; and a splitting mill for slabs; and produces 10 millions 


of laths. 
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In addition to their saw mills this firm have an extensive grist and carding 
mill. They employ for six months of the year, in shipping the productions of these 
mills, 26 barges with 5 men each, 4 steamboats, 9 men each, in all 222 men. 

Tt requires $3,000 to pay the weekly wages of the employees of this establish- 
ment. 


A. H. BALDWIN. 


Commenced business here in 1853 and owns two saw mills, a machine and black- 
smith shop, and a ship yard for building barges. 

He gets out annually about 125,000 logs, making 25,000,000 feet*of lumker, and 
employs in the larger mill, 1 large slabber, 24 saws, 1 stock gang, 40 saws, 2 Yankee 
gates, 32 saws each, and 2 butting and edging tables; in the smaller mill there are 
9 Yankee gates, 1 edger and 1 butter. The wheels employed are Rose’s improved. © 

He also owns 14 barges, 2 steam tugs, and one steam barge, manned by 80 men, 
and gives employment throughout the year to about 400 men. 

The ship yard, which has been in operation for about four years has turned 
out 16 barges and one steam barge, whose engines were made in the machine shop, 
owned by Mr. Baldwin, and employs 12 to 15 men. 

Mr. Baldwin sawed and shipped the first lumber for the American market from the 
Chaudiére, and in company with Messrs. Harris, Bronson & Co., brought the first 
logs down the Ottawa from Des J oachims and also himself brought down the first 
logs from above that point. 


J. R. BOOTH. 


This gentleman first established business at the Chaudiére in the year 1858 by 
the manufacture of laths, and now carries on extensive operations in sawing pine 
lumber. His mills are situated on the south shore of the Ottawa, just below the 
falls, and manufacture annually from 26 to 30 million feet of pine lumber, of wh'ch 
12. to 15 million feet are always on hand on his piling grounds, which cover a space 
of about 10 acres of land. 

These mills are fitted with gang and circular saws as follows :— 

Three gangs containing 40 saws; 3 slabber gangs containing 18 to 20 saws; 1 
Yankee gate containing 36 saws; 1 large circular saw for dimension timber; and a 
large number of circular saws for butting and edging. 

The power employed is derived from the waters of the Chaudiére, assisted by 
14 Rose’s improved water-whecels, 2 for each gate, and upright and central discharge 
wheels. . 

This establishment gives employment in the winter time in the woods to about 
850 men and 300 teams, and in the summer time ‘at the mills to 400 men and 40 
teams. ; 

Mr. Booth gets out 3 or 4 rafts of square timber in the season, 


E. B. EDDY. 


Carries on the largest business in the manufacture of the products from our 
forests, on this continent, converting the timber of his enormous estates into every 
description of useful article from saw-logs and lumber to wooden ware and lucifer 
matches. 

The business was first established in 1854 when Mr. Eddy commenced his 
operations in this section of the country, by manufacturing matches; and such are 
the resources of the valley of the Ottawa, and the immense advantages of the water 
power of the Chaudieére, that he, with the characteristic energy of his race, has been 
enabled to build up a business on a gigantic seale, the productions of which are of 
vast utility to the people of this continent. 
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We give here the annual productions of these mills and will speak more fully of 
the processes of manufacture hereafter. 

Eddy’s mills and piling grounds cover a large tract of land on the north shore 
of the Ottawa, at the Chaudiére Falls, and extend from the falls to the island oppo- 
site the parliament buildings. They consist of one large pail factory built solidly of 
stone; a match factory also of stone; four saw mills of great extent built principally 
of wood, and numerous other buildings, offices, &c., necessary to such extensive opera- 
tions, including a sash, door, and blind factory, and a general store. 

In addition to these mills Mr. Eddy has built a double track over a mile in 
length, which runs from his mills to the further extremity of his piling grounds, and 
enables him to distribute and pile the enormous amount of tumber produced, most 
expeditiously. s 

These mills manufacture annually about 40 million feet of pine lumber, of which 
there are always from 8 to 10 million feet in the piling grounds. They also manu- 
facture annually 600,000 pails, 45,000 wash tubs, 72,000 zine wash boards and 270,- 
v00 gross of matches, besides the productions of the sash, door and blind factory. 

The saw mills are fitted with gang and circular saws of all kinds and sizes, and 
the whole establishment gives employment to from seventeen to eighteen hundred 
persons, many of whom are girls employed in the manufacture of matches. In addi- 
tion to these there are about four or five hundred men employed in the woods, where 
Mr. Eddy owns ‘limits’—a tract of land of about 50 square miles in extent, the 
greater part of which is forest, but where there are some cultivated lands, and a 
growing village called Fort Eddy. 

The force employed in driving the mills, is derived from the unlimited water 
power of the Ottawa, assisted by mechanical agencies of modern invention, and is 
equal to about 600 horse power. 


THE EDDY MATCH FACTORY. 


Consists of a range of buildings containing, two machine rooms, two dipping 
rooms, two large packing rooms, a warehouse and shipping office, besides engine 
house, drying rooms, &e. 

In the machine rooms the wood is cut up by two different machines. The one, 
which is employed in making the best matches of seasoned wood, cuts up the blocks, 
already prepared, by means of fifteen small knives, which divide the wood into pieces 
the exact size of the match and then pass them through grooves into the separate 
divisions in the racks placed ready for their reception at the rate of 4,000 per minute 
from each machine. 

These racks are pressed so as to place the small pieces of wood firmly in their 
position, and are taken to the dipping room. Each machine employes one man and 
one boy. 

The dipping room for this class of match is divided into two compartments, in the 
first is a chaldron of molten sulphur, into which the racks are passed, each piece of 
wood receiving a certain quantity of sulphur. The racks are then taken to the other 
room and dipped into the final preparation of phosphorus, &c., and then placed in 
iron safes built into the walls all around the room to dry, which takes about two 
hours, when they are ready for packing. 

In the other machine room wood is cut up on another principle by a machine 
which contains 9 knives and cuts the match into double the required length, at the 
rate of 340 strokes a minute, making 9 at each stroke, or 18 matches, equal to over 
six thousand a minute. 

These sticks being of green wood are then placed in open boxes, and taken to a 
drying room heated by steam pipes. When dried they are rolled up in circular form 
between bands of wadding by machines, which distribute each separate piece of wood 
into equi-distant parts. The rolls are then taken to the dipping room, where they 
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are dipped on each end in the preparations of sulphur and phosphorus and hung up on 
racks to dry. 

They are then cut in two by another machine and are ready for packing. 

The packing rooms are divided into several compartments, and occupied entirely 
by girls, who are employed in packing the matches first in the small wrappers, (which 
they prepare from material supplied them, in their homes), and then into boxes of 
3 gross each which are taken to the warehouse and shipping room. 

The factory gives employment to about 50 men and boys and about 90 girls. 


TEE PAIL FACTORY. 


Ts a large stone building of three stories high near the principal saw mill, where 
pails are manufactured at the rate of 2,000 pails and 150 wash tubs per diem. Every 
part is made by beautiful machinery. In one room the staves are sawn into regular 
sizes, in another the bottoms and hoops are manufactured, in another the handles are 
turned, and in another the various parts are joined together, planed and finished. _ 

The pails are then taken to the painting room, where they are painted and grained 
by patent India rubber rollers. They are then finished off and fitted with handles after 
which they are packed in hay and made ready for shipment. 


THE SAW MILLS. 


Which are four in number and of great extent, contain every description of gang 
and circular saw numbering, in all 248 saws. The capacity of the mills is equal to 
the sawing of 200,000 logs per annum. 


PERLEY & PATTEE. 


This firm was established in the year 1857, and, has very extensive mills close to 
the Chaudiere Falls, with large piling grounds attached, through which are laid lines 
of rail for distributing and piling the lumber. They get out annually about 150,444 
logs, producing 30 to 40 million feet of pine lumber, of which a considerable amount is 
kept always on hand. They employ a large number of men through the year; on an 
average, over 600. Their mills are furnished with 2 slabbing gangs of 40 saws each; 
2 stock gangs of 40 saws each; 2 Yankee gates of 32 saws each; 1 single gate and 1 
resawing gate, with the usual compliment of circular saws for butting and edging. 
The wheels employed are Rose’s improved and the Lamb wheel, 1 pair to each gate. 


LEVI YOUNG. 


First established his business at the Chaudiere in 1854, and owns one saw mill, 
getting out and sawing about 100,000 logs in the year, producing about 20,000,000 feet 
of pine timber. He employs one slabbing gate of 40 saws; one stock gate of 40 saws; 
one Yankee gate of 32 saws, and the necessary edging and butting saws. The wheels 
employed are Rose’s improved, 1 pair to each gate. In addition to this, Captain 
Young gets out annually about 3 rafts of square timber, employing through the year 
from four to five hundred men. 


WRIGHT, BATSON & CURRIER—OTTAWA STEAM MILL. 


- These fine mills are situated in the village of Hull, (P.Q.) with 24 acres of land 
attached and enclosed, and with excellent piling grounds and shipping docks 
adjacent. The mills contain five gang saws, one large circular saw for cutting build- 
ing timber, also saws for cutting laths, clapboards, &c. The capactiy of these mills 
from May 1st to December 1st is thirty million feet; the quantity usually cut averag- 
ing from sixteen to twenty-five millions. The timber limits belonging to this firm 
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are situated on the river Madawaska, and are six in number, containing in all 275 
square miles. There are three farms on the limits, well stocked with cattle and pro- 
vided with convenient buildings, offices, &c. The main depot is at Griffith, Renfrew, 
where there is a Post Office, also a general store, blacksmith and carpenter shops, &c. 

The average number of men employed all the year round ranges from 250 to 300 
exclusive of those employed in freighting lumber away. 


THE GATINEAU MILLS. 


The Gatineau mills, belonging to Messrs. Gilmour & Co., are situated at the 
village of Chelsea, about eight miles from the city of Ottawa and nine miles from 
the junction of the Gatineau with the Ottawa river. The scenery above and below 
the mills is exceedingly romantic and beautiful—four or five rapids and cascades, 
and sloping banks to the water’s edge covered with trees and foliage render this por- 
tion of the river most picturesque and charmirg. The mills are situated on the 
south bank of the Gatineau above the high falls, and are surrounded by a series of 
booms and works of great magniture, upon which immense sums have been expended. 
The whole of the saw-logs which descend the Gatineau are caught in these booms, 
and a very faint idea can be conveyed to a stranger of the immense amount of skill 
required to separate those belonging to the Gatineau mills from those belonging to 
different manufacturers below. 

During the summer this point of the river presents a scene of bustle of the 
most extraordinary kind, and as the firm employs literally an army of workmen, the 
scene can be better imagined than described. 

Below the booms, the worst point of the river has to be encountered by the logs 
descending the stream, and it is frequently enlivened by the appearance of perfect 
islands of stranded timber, technically called jams, and the efforts of the owners to 
set them afloat exhibit scenes of daring and endurance seldom witnessed elsewhere. 

The mills belonging to Messrs. Gilmour & Co., consist of two large substantial 
buildings, and a smaller mill for preparing lumber for the American market, and they 
were commenced about thirty years ago. The water power used is equal to about five 
hundred horse-power. There are 13 saw gates containing about 220 saws, and 
twenty edging, butting, and re-sawing circular saws. These mills will manufacture 
230,000 feet, board measure, in eleven hours, or about 35 millions of feet per season. 
About one-third of this lumber is cut for the Quebec market, and the balance for 
the United States. Attached to the mills there are about three miles of wooden 
canal for conveying the sawn lumber to the piling grounds. Messrs. Gilmour & Co. 
possess timber limits to the extent of 1,700 square miles, whence they obtain the 
requisite number of saw-logs to supply these extensive works, and 1,000 men rec2ive 
employment from them during winter and 500 in summer, including lumbermen, 
farmers, surveyors, &., &e. They also employ 250 spans of horses and 80 yokes of 
oxen; and during each season they consume 40,000 bushels of oats, 600 tons of hay, 
1,500 barrels of pork, and 3,000 barrels of flour, besides large quantities of clothing, 
boots, shoes, tea, tobacco, blankets, &.. &. These mills are amongst the most cele- 
brated in the country, not only for the romantic beauty of the surrounding scenery 
but for the perfection of the machinery employed and the order and good manage- 
ment exhibited throughout them. 

We must not omit to mention that upon their timber limits this firm has no less 
than nine farms, comprising in all about 1,500 acres; the land is excellent; as much 
as fifty bushels of wheat to the acre having been raised some seasons. Of course 
this is above the average, but the yield is generally excellent. The whole of the 
produce of these farms is consumed by the employees of the firm. On, the banks of 
the River Gatineau they have four principal depots. from which supplies are sent 
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to the lumbermen at work in the woods. One of these is distant upwards of 200 
niles from Ottawa. This firm pays from $275,000 to $300,000 in wages annually. 
Mr. Mather is, and has been for some years, the manager of the Gatineau mills. 


LE MOYNE, GIBB & CO., BUCKINGHAM. 


The mills and limits formerly owned by Messrs. Thomson & Co., are now the 
property of Messrs. Le Moyne, Gibb & Co. One of the partners, Mr. McPherson 
LeMoyne, resides at Buckingham, and personally superintends the whole business; 
he was also the managing partner of the late firm of Thomson & Co. 


These mills are situated on the River Du Lievre, about four miles back from 
the Ottawa river, and in conjunction with the mills belonging to Messrs. Jas. 
Maclaren & Co., on the opposite side of the river, have control of one of the finest 
water powers in Canada; the falls are 70 feet in height, and the River Lievre being 
very deep and supplied by many large lakes in the north, there never is any scarcity 
of water, even in the driest summers. The timber lands and limits on the west 
side of the Lievre are held by LeMoyne, Gibb & Co., and those on the east by James 
Maclaren & Co. 

The mills which are quite new, having just been rebuilt, are of large size and 
fitted with every modern improvement to save labour and to do good sawing; they 
have already cut up 125,000 logs between the 15th May and the 15th October. The 
business done at present is about 800,000 logs a year, which are sawn almost entirely 
into 3-inch deals for the Quebec market. A slide over two miles in length conveys 
the timber from the mills to the basin, where the thin lumber is taken out and piled 
and the deals are run into the water and rafted up into cribs. 


All the logs sawed at these mills are made on the tributaries of the River du 
Lievre, which drains an immense extent of contry. The two firms that work on this 
river have, at their own expense, built very extensive slides to pass their logs over 
different falls, and also constructed many booms, piers, &c., at different points, the 
government never having expended anything on the River du Lievre for improve- 
ments of any kind, though the public have for very many years derived a large revenue 
from it. 


HAMILTON & CO.—HAWKESBURY MILLS. 


This is one of the largest as well as one of the best known of the great milling 
establishments of the Ottawa Valley. It is situated about 60 miles from Ottawa 
city on the south shore of the river near the head of the Grenville rapids. There are 
included in this establishment, four saw-mills together with a grist mill with four 
runs of stones for the production of flour for the use of the raftsmen, shantymen, 
and other employees, as well as for the neighbouring farmers. The mills contain 
101 vertical saws and 44 circular saws, driven by 72 water wheels, and turn out from 
35,000,000 to 42,000,000 feet of lumber per annum. About five hundred men and boys 
are employed constantly by the firm at Hawkesbury alone in summer. Some concep- 
tion of the immense extent of the operations of this firm may be formed when we 
say that more than 3,000 tons of agricultural produce are consumed annually. 

The Honourable John Hamilton resides at Hawkesbury, and the whole village 
and establishment bear evident signs of opulence and comfort. 

The limits from which these mills obtain their supply of timber are situated 
principally upon the rivers Rouge, Gatineau and Dumoine. Messrs. Hamilton & Co., 
bring down from their limits 200,000 logs, on an average, annually. 
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THE PROCESS OF MANUFACTURE. 


The saw-logs when got out of the forest are taken to the nearest point on the 
Ottawa, and left to be drifted down by the stream, each firm having a private trade 
mark on each log by which they are recognized. At the Chaudiere they are caught 
by booms spread across the river above the falls, and guided through the different 
slides to the respective mills where they are to be sawn. 

At the mills the logs are hauled up out of the water by a powerful wheel always 
in motion, and so placed on the cradle which guides them through the saws. 

There are various kinds of saws, each performing its particular duty in the pro- 
cess. The slabber-gate, which contains from 18 to 20 saws, cuts the outside of the 
log into boards of 1-in. thick, leaving the bulk in a slab of 14 inches in thickness, 
and of different width according to the size of the log, 87-in. being the largest. As 
the saw gets through the end of the log, these outside pieces are taken away and 
trimmed to the required size by the butter and edger. 

The large slab is then turned over on the flat side and run through the stock- 
gang, which contains from 30 to 40 saws placed about 1-inch apart and sawing the 
slab into 1-inch boards. These saws can be changed at will to saw 2-inch or 38-inch 
foards. It takes these saws about eight minutes each to get through a log of the 
ordinary size. The Yankee-gate is a combination of the slabber and stock gate, and 
contains about 32 saws. This gang saws both ways, the teeth of the slabber facing 
one way and those of the stock the other. By this means the log is sawn by the 
slabber as described above and the slab turned over and sent back through the stock- 
gate, so that while the slabber gang is dividing one log the stock is finishing off an- 
other. The single saw is used for sawing the logs into pieces of about three inches 
square, the gate acting in the same way as the other gangs, but with only one saw 
which performs the whole work. These gangs are all worked on upright pivots, the 
machinery underneath forcing the gate up and down at a considerable rate on the 
same principle as the old sawpit fashion, where one man works on top of the log and 
another underneath. : 

The butting and edging tables are for the purpose of taking off the rough sides 
and ends of the planks as they come from the larger gangs, and are fitted with counter 
saws for this purpose. 

The planks are laid on the table, and a revolving chain with catches in it carries 
the wood along past the circular saw which takes off the outside pieces leaving the 
plank the required width and length, and disposing of the waste and damaged wood. 

As the planks pass over those tables the foreman marks each one according to its 
size, and they are then wheeled out on hand trucks to be taken to the piling grounds. 

These piling grounds are of vast extent, and are in many cases supplied with 
railways over which the lumber is drawn in horse trucks; but in some cases the 
lumber is slid through a hole into a large trough of running water which carries it 
to its destination. 


THE OTTAWA DISTRICT SLIDES AND BOOMS (1870). 
The Government works connected with the descent of timber in this district are 
on the following rivers:—On the Ottawa, main river, 11 stations: on the Gatineau. 


1; on the Madawaska, 15; on the Coulonge, 1; on the Black, 1; on the Petawawa, 31; 
on the River Dumoine, 11. 


List of Slide and Boom Stations on the Ottawa Rwer. 


The distances given are measured on the latest maps, following the channel] 
through which lumber is floated down the river :— 
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- Distance from mouth of Ottawa, 


Names of Stations. at Ste. Anne. 
1.—Carillon .... on 27 miles. 
2.—Chaudiere ori tide: Hull mouth Bide [Ontera tc OS as" 
eae NAUNCICVOUCIALtIG aq ct oe) eo ee elt nae ern. LOOL 
4——Remick.. Penne Ne eR RE I) PVM Reed (0) dn Moe: LOD Eee 
Beal Theaenenes Hania. PPA anes Ae ee! ht ioe OAR EA 
ete ee tee CORE DAR a NP ot ale ia Shee 
Pew CAMPO TI CHALS ec wih! Geta: a le hee a ete a el aoe 
8.—Chenaux .. .. Filgh ee ay ume co) rele tae eeeba Gude Neca ep eyea yf 
Soe Portace durkor. . OME IE Tis Mee ate Been ee TEN Lt oo 

HO MEL CAT C Alta ete TAS ies baa 4 LOne 
it alicia tee cet lone: ae Ss eae cs eG it 
Oe chi Hanah oh tase, Gk a eae he DAO TE 


The works at these twelve stations consist of :—2,000 lineal feet of canal; 3,835 
feet slides; 29,855 fet booms; 346 feet bulkheads; 1,981 feet bridges; 52 piers; 
3 slidekeeper’s houses, and 3 store houses. 

The necessity for the construction of dams at certain additional points on the 
Ottawa, so as to afford the means whereby a more abundant supply of water can be 
obtained for use in the slides, is again urged by parties interested. The lumber trade 
of this district has now attained such increased proportions that the works on which 
the supply of water to the slides is dependent, which answered their purpose tolerably 
well while the trade was in its infancy, have become inadequate to perform the ser- 
vices required, the result being that during dry seasons the passage of timber through 
the slides is difficult, owing to the scarcity of water. His Excellency the Governor 
General was pleased, by order in council, dated May 18, 1870, to authorize the incor- 
poration by patent of the Ottawa Improvement Company, a society formed for the 
purpose of effecting improvements on the upper waters of the River Ottawa, to facili- 
tate the descent of hey the company binding itself to adhere to certain specified _ 
conditions. 


Gatineau River.—tIn ascending the Ottawa, the Gatineau is the first tributary 
possessing government works. 

These works are all at one station, about one mile from its confluence with the 
Ottawa. They consist of. 3,071 lineal feel of canal; 4,138 feet booms; 52 feet bridge; 
10 piers, and 1 slide-keeper’s house. 


Madawaska River—The Madawaska is the second tributary in ascending the 
Ottawa, on which the government has provided works for the descent of lumber. 

List of the names of slide and boom stations on the Madawaska, numbered from 
the mouth of the river upwards: 1. Mouth of river. 2. Arnprior. 38. Flat rapids. 
4, Palmer island. 5. Burnstown. 6. Long rapids. 7%. Springtown. 8. Calabogie lake. 
9. High falls. 10. Ragged chute. 11. Boniface rapids. 12. Duck island. 18. Bailey 
chute. 14. Chain rapids. 15. Opeongo creek. 

The works at these stations consist of: 1,750 lineal feet of slides, 18,179 lineal 
feet of booms, 4,080 lineal feet of dams, 182 lineal feet of bridges, 43 piers, 1 slide- 
keepers’ house, and 1 work-shop. 

The slide at High Falls sustained considerable damage in the spring of 1870, in 
consequence of the unprecedented height of the river, the water of which passing over 
the Nagle dam, caused a breach in that work, through which the debris, mingled with 
large quantities of logs, escaped. This mass, on coming in contact with the slide, 
tore down 500 feet of that structure. Efficient measures were taken for the recon- 
struction of a portion of the damaged work, so as to admit of the season’s lumber 
being passed through. This accident and the generally decayed state of the slide, 
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will, it is feared, necessitate its being entirely rebuilt before the beginning of another 
season. 


The Coulonge River—The Coulonge is the third tributary in ascending the 
Ottawa, on which the government has placed slides and booms. 


The following is a list of the government works on this river:—Boom at the 
mouth, 300 feet long, and one support pier. Boom at Romain’s rafting ground, 400 
feet long, an dthree support piers. Booms at head of High Falls slide, 1,848 feet 
long, and six support piers. 


Black River—Ascending the Ottawa, the Black river is the fourth tributary 
upon which works have been placed. 


The works consist of :—1,139 lineal feet of single-stick booms, 873 lineal feet of 
slide, 346 feet of glance pier, 135 lineal feet of flat dam. 


The Petawawa—This is the fifth tributary in ascending the Ottawa, upon which 
government slides and booms have been made. 

Seven miles from its mouth the Petewawa separates into two branches. On 
these seven miles there ar five stations; on th north branch there are eighteen stations, 
and on th south branch eight stations. 

List of the slides and booms on this river, in the order in which they occur, 
from the mouth upwards:—1. Mouth of river. 2. First chute. 38. Second chute. 
4A. Third chute. * Roisdur. 


North Branch.—1. Half-mile rapid. 2. Crooked chute. 3. Between High Falls 
and Lake Traverse (a slide and a series of dams and booms). 4. Thompson rapids. 
5. Sawyer’s rapids. 6. Meno rapids. 7. Below Trout lake. 8. Strong eddy. 9. Cedar 
islands. 10. Foot of Devil chute. 11. Devil chute. 12. Elbow of rapids. 13. 
Foot of Sault. 14. Middle of Long Sault. 15. Head of Long Sault. 16. Between 
Long Sault and Cedar lake (south shore). 17. Between Long Sault and Cedar lake 
(north shore). 18. Cedar lake. 


South Branch.—1. First slide. 2. Second slide. 3. Third slide. 4. Fourth 
slide. 5. Fifth slide. 6. Sixth slide. 7. Seventh slide. 8. Eighth slide. 


The work at these 31 stations are as follows :— 


On the Main River.—2,963 lineal feet of slides, 8,469 lineal feet of booms, 2,077 
lineal feet of dams, and seven piers. . 


On the North Branch—380 lineal fcet of slides, 2,671 lineal feet of booms, 1,131 
lineal feet of dams, and 28 piers. 


On the South Branch.—2,134 lineal feet of slides, 388 lineal feet of dams. 


River Dumoine—The sixth and last tributary of the Ottawa upon which the 
government works have been executed is the ‘Dumoine.” The length of this river 
is about 120 miles, and it drains an area of about 1,600 square miles. It flows into 
the Ottawa from a northerly direction at a point about 256 miles above Ste. Anne. 
The works on this river consist of a pier and retaining boom at its mouth, a single 
stick slide, and a series of flat dams from the mouth upward. They may be detailed 
as follows, viz:—300 lineal feet of slide, 800 lineal feet of booms, 1,324 dams, and six 
piers. 


Thanks are due Dr. Saulte, Mr. James Write, Dominion Geographer, Hon. 
J. K. Ward, Capt. Murphy and others who have kindly furnished much valuable 
information. ‘ 
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APPENDIX 5S. 
THE GEOLOGY OF THE PROPOSED GEORGIAN BAY CANAL ROUTE. 


The description of the geological formations found along the route of the pro- 
posed canal can for convenience be divided into three main sections, viz.: 1st. The 
portion between Montreal and the Chats falls, where the surrounding rocks are mostly 
of sedimentary (Paleozoic) character, composed of sandstone, limestone and shale: 
Ond. That between the Chats and Des Joachims rapids, in which the rocks are for the 
most part crystalline with considerable areas of crystalline limestone and occasional 
outliers of Palzozoic rock in the near vicinity; and 3rd, that from Des Joachims by 
way of Nipissing lake to the mouth of French river, in which the rocks are mostly 
granite and gneiss, with small outliers of sandstone and limestone containing fossils, 
but in which the crystalline limestone is almost entirely absent. 

From Montreal west in the first section, the sedimentary formations (Palzozoic) 
eomprise the Postdam sandstone, Calciferous limestone with some shales, the former 
cften dolomitic, the Chazy shale and sandstone succeeded upward by the Chazy lime- 
stone, the Black river limestone, and the Trenton limestone. To the south several 
miles, newer formation such as the Utica, the Lorraine and the Medina, comprising 
mostly shales and sandstone occur, but they do not show along the Ottawa river. 

The first of these, the Potsdam, which rest on the granite and gneiss at a num- 
ber of places, is well seen at the village of Ste. Anne, west of Montreal, and at several 
pints around the shores of Lake of Two Mountains. It passes up into the Calci- 
ferous by passage beds through the addition of calcareous matter so that the sand- 
stone becomes a limestone which through the pressure of the magnesia is generally 
dclomitic. The sandstone is well seen below the mouth of River de Graisse at Rigaud, 
and the limestone on the north shore below the mouth of North river. These rocks 
art. overlaid at Carillon by the Chazy. The sandstone is similar in character to that 
found in Nepean which is extensively quarried for building stone and used in the 
parliament buildings at Ottawa. 

All the formations lie nearly horizontal except along the line of contact with the 
crystalline rocks when they become somewhat inclined. Above Grenville the Potsdam 
sandstone is again seen at Montebello, and in a quarry between this place and Papi- 
neauville on the north side of the river, where it is also overlaid by the calciferous. 
At Templeton also there is a well defined ridge of these rocks between the railway 
(C.P.R.) and the village street and they continue west to the mouth of the creek, 
three miles east of Gatineau Point. Above the Chaudiere they again appear in the 
strip between Graham’s Bay and Barry’s wharf, and the last outcrop of the Potsdam 
in this direction is in a small quarry in rear of Quio village. At all these places the 
stone is well adapted for quarry work, the formations lying nearly flat. 

The Chazy is again seen at different places on the Island of Montreal and reap- 
pears again along the Ottawa at Carillon continuing thence to Grenville. It is 
divided into two portions, a lower consisting of greenish-grey shales with beds of 
sendstone, and an upper composed largely of limestone. The portion of the canal be- 
tween Grenville and Greece’s Point shows the lower part of the Chazy very well. Some 
of the heavier sandstone beds are well adapted for building stone and the rock is used 
to some extent for dry walls. The limestone often occurs in heavy bands and is ex- 
tensively quarried in places, one of the largest of these along the Ottawa being at 
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Little Rideau in Ross’s quarry, and further west in Butler’s, four miles west of 
J’Orignal. From these a large amount of stone was taken for the construction of the 
Grenville canal. 

Exposures are by no means numerous along the shores of the lower Ottawa, the 
banks being often composed of clay, but the Chazy again shows near Clarence and 
Reckland and also at Cumberland, above which to Ottawa it is seen at the base of the 
escarpment which extends thence almost to Ottawa city. West of Ottawa it is well 
exposed at Barry’s wharf and thence continues to the vicinity of Fitzroy Harbour on 
the south side of Lake Deschenes, while on the north side it comes in just west of 
Tetreauville, is well developed about the town of Aylmer, and continues along the 
shore to the mouth of Breckenridge creek, where it meets the granite. It again out- 
crops in the town of Quio and continues nearly to the foot of the Chats falls where 
it is underlaid by the Calciferous formation. 

The Black river formation which passes up into the Trenton is well seen near 
Rockland in the large quarry, (Stewarts) on the face of the bluff west of the village. 
Here the rock at the bottom is Chazy, the quarry itself is largely in the Black river 
formation, and the upper portion is in Trenton limestone. A ridge composed of these 
three formations extends thence to Ottawa. In this on the Montreal road south of 
Ottawa in the upper or Trenton portion are large quarries (Robillard’s) which supply 
stone for the city to a large extent. ~ 

The city of Ottawa is in part built on Trenton limestone which crosses the river 
into Hull. The Black river formation appears at Remicks rapids in the western part 
ot Mechanicsville, and underlies the village of Tetreauville, where several well de- 
fired faults break across the formations. Further west both Trenton and Black river 
rocks are seen to the south of Buckham bay and a large quarry has been opened: on 
the top of this ridge from which stone was taken for the construction of the bridges 
along the line of railway north of the river and for the locks of the proposed canal 
past the north side of the Chats Falls. 

On this stretch of the river the crystalline rocks occur at several points. They 
cross the Ottawa at Montebello showing on the south side in a hill at the ferry land- 
ing where gneiss and quartzite, associated with crystalline limestone, affords a fine 
scction. At Rockland also they again cross the river and on the south side are ex- 
posed at the base of the Potsdam near the shore at the mills. At Buckingham they 
are seen at the falls of the Liévre on the post road, but do not cross. These rocks form 
ridges along the north shore which extend from below Lachute to Calumet where they 
come near the shore, and from this to the Gatineau are separated from the Ottawa by 
a narrow margin of the Potsdam and Calciferous formations. West of the Ottawa they 
form the north shore from Breckenridge creek nearly to the Quio. On the south side 
cf Lake Deschenes a ridge of granite and gneiss, with diorite and erystalline lime- 
stone, extends from Fitzroy Harbour east to the township of Nepean. 


East of Ottawa the country between the Ottawa river and the St. Lawrence is 
uniformly low. There are no marked elevations with the exception of Rigaud moun- 
tain, and the country is so level in many places that the head-waters of the Nation 
river take their rise within about two miles of the St. Lawrence not far from the 
town of Brockville. In this area the soil is generally excellently adapted for agricul- 
ture, but there are several large areas of peat bogs which are now being utilized to 
some extent for the manufacture of compressed peat fuel. 


The country below Ottawa for some miles along the north side of the river is 
celebrated for its mineral wealth. Here are the great mines of mica, apatite, grap- 
lite, &e., which are among the most productive yet found in Canada. Iron also occurs 
at several places and has been mined to some extent, and deposits of felspar, gener- 
ally of the red variety, and found near Templeton and north of Gatineau Point, which 
have been quarried, but the high charges for freight to the market in the United 
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States have seriously affected the output and for the present these are closed. At- 
tempts to mine asbestos have been made at sveral places, notably at Perkins Mills in 
rear of Templeton, and near Pointe du Chene, but the percentage of fibre was in both 
eases found insufficient to render the enterprise profitable. In the same way the out- 
put of apatite or phosphate of lime, which at one time assumed large proportions, was 
abandoned owing to the discovery of the phosphate deposits in Carolina and Florida, 
where phosphate could be mined and shipped at so low a figure as to render the min- 
‘ing of the Quebec apatite an impossibility. Large quarries of excellent granite have 
been opened on the south flank of the mountains north of St. Philippe, and quantities 
of the stone are shipped to Montreal and elsewhere, and quarries of crystalline lime- 
stone were at one time worked near the village of Lachute. The other quarries along 
the river route have already been referred to. 


Ascending the river, between the Chats falls and Portage du Fort, the rock on 
the north side of Chats lake are mostly of the crystalline series, comprising granite, 
eneiss, diorite and crystalline limestone. About Norway Bay there are heavy deposits 
of sand and small outliers of Calciferous limestone appear on several of the islands in 
the channel above Arnprior. In the lower part of the lake, on the north side, are 
situated the Bristol iron mines which occur in a belt of diabase rocks with schist. The 
iron is somewhat sulphurous, and was mined some years ago quite extensively, the 
- sulphur being removed by burning the ore in specially constructed kilns. The ore is 
found in large pockety masses, there being no well defined vein in so far as can be 
learned. Work has been abandoned at this locality and the mines have been idle for 
some years. 

On the south side of the lake the crystalline limestone extends from the head of 
the Chats to Arnprior. It is cut across by dykes of red and white granite. At Arn- 
prior extensive quarries have been opened in a handsome banded variety of marble 
and large quantities have been taken out, some of the decorative pillars and slabs in 
the Ottawa Houses of Parliament being obtained at this place. 

Above this the Calciferous and Chazy formations again reappear and extend to 
the mouth of the Bonnechére, where they again give place to the crystalline series 
which continues thence up to the Rocher Fendu channel along the south side of Calu- 
met island. | 

In the limestone of Portage du Fort several quarries have been opened, and have 
produced a very handsome stone for decorative work. Some of the pillars in the 
House of Commons at Ottawa are from this place; and another quarry, opened a 
couple of miles north on the road to Bryson, has produced a beautiful white dolomite 
of which large blocks can be obtained. The work at all these quarries is of an inter- 
mittent nature, the present difficulty of shipment interfering somewhat with their 
constant operation. 

From Portage du Fort to Bryson the limestone and granite extend all the way, 
the latter cutting and altering the former. Large masses of greenish diabase or gab- 
bro also occur in the eastern portion of Calumet island, and here are located the 
mines of silver-lead and zinc blends which were worked quite extensively several years 
ago but closed apparently on account of litigation. 

Above this the north or Bryson channel shows outcrops of granite at several 
points but there are deposits of sand and clay, the former often forming shifting sand 
bars between the head of the island and Campbell’s Bay during the high water in the 
river. These sandy shores extend around the west end of the island to Gower Point. 
On the west end of Calumet island there are ledges of the Chazy and Calciferous for- 
mations which thence extend up the river above Fort Coulonge and show along the 
shores in this direction at Pointe Séche and on the west side of the cove or bay east 
of the boom, where they pass up into the Black river limestone. At Pointe Séche 
there are quarries in the limestone which has furnished stone for building purposes. 
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At the boom the crystalline rocks again come to shore and are exposed for a short dis- 
tance till concealed by sands and clays, but along the north channel past Allumette 
island, they are again exposed and continue to Fort William where they are again con- 
cvaled by drift along the low points opposite High View. 

The Rocher Fendu channel on the south side of Calumet island is rough, broken 


br several falls and heavy rapids, where the crystalline limestone is broken across by 
masses of red granite. No minerals of importance are known along this stretch of the 
shore but attempts were made several years ago to open a supposed deposit of nickel ° 
ere a couple of miles above the head of Rocher Fendu lake. The deposit has proved 
of no practical value. Masses of granite and diorite cut the limestone in all direc- 
tions and the rocks as a rule are much altered. Above Sullivan’s island the shores 
are of clay, and from this to the bend at Paquette rapid there are large areas of drift, 
principally sand. 

Here the sedimentary rocks again come in a basin extending across from the Pem- 
broke shore. These flat lying beds are well seen at the southeast corner of Allumette 
island and on Hawley island, and are Chazy limestone passing down into Chazy shale. 
They occupy the whole south side of Allumette island, but the greater portion of the 
interior is covered with heavy deposits of sand. To the south side in the direction of 
Musquash lake and outlet the Black river limestone again appears and quarries in this 
rock, which caps the Chazy formation, are opened near Graham station on the line of 
the Canadian Pacific railway. The Calciferous limestone again appears above the 
tewn of Pembroke but this also disappears near the town line of Alice township. 


Above this a heavy reef of granite extends across to near the head of Allumette 
island. On the main land these rocks outcrop at the mouth of the Petawawa river, 
above which to the mouth of Chalk river the shores are composed of cliffs of sand from 
30 to 60 feet high. These sands form extensive areas to the south in the direction of 
Chalk river station and along the shore of Sturgeon lake. ; 

The portion of the Ottawa between High View and Des Joachims rapid is 
known as Deep river. The bottom of this part of the river is supposed to be below sea 
level and the north side is bordered by high ridges of granite and gneiss for the whole 
distance, except where concealed by drift deposits. These are well seen at Indian 
Point above the mouth of the Schyan river. The south side of the river is much lower 
than the north and generally drift covered, though the underlying rocks are granitic. 

It would appear from the great depth found in this river at some points and from 
thc occurrence of the Paleozoic formations at so many places in the bed of the stream 
that the old valley of the Ottawa represents a period of great erosion, since the 
channel was evidently excavated before the deposition of the sedimentary rocks from 
the Potsdam up. 

Between Des Joachims rapids and the mouth of the Ottawa several changes of 
level have taken place in past age. This is indicated by the presence of terraces, 
sands and clays, and old river channels, which have since been filled up by the drift 
deposits and have forced the river to make other channels for the Ottawa waters. 
Among these old channels several may be here indicated. 

. At Des Joachims the original course of the river was evidently by a channel now 
partly filled by drift, which reached the foot of the rapids by way of McConnell lake 
and stream, through the depression now seen to the north of the village. Another old 
channel evidently turned off from the present stream about fifteen miles lower down 
in a depression to the south which communicated with the waters of Sturgeon lake 
and thence to the river in Allumette bay some two miles south of the point known as 
High View. Into this old channel the water of Chalk river now empties. Another 
old channel evidently extended directly east from the town of Pembroke along the 
valley of Musquash creek and lake, from which the course can be traced east of a series 
of depressions dotted by a chain of small but sometimes very deep lakes to the present 
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channel on Chats lake near the Chenaux rapid several miles above the mouth of the 
Bonnechére river. 

Above the City of Ottawa indications of another old channel are seen which 
turned off to the south of Fitzroy Harbour and extended by way of the Carp river to 
the vicinity of Shirley bay; while opposite the city of Ottawa another channel, now 
marked in part by Brewery creek, passed in rear of the city of Hull. To the south of 
Ottawa, judging from a line of deep borings in the clay, another channel extended 
from the lower part of Rideau canal to the main river near L’Original. 

From Des Joachims westward to Mattawa the rocks along the river are mostly of 
‘the crystalline variety. No limestones of this series appear in this direction, these 
having terminated apparently near the mouth of the Black river opposite the lower 
end of Allumette island. At several places, however, newer rocks of Chazy and Black 
river age are seen, as at Deux Riviéres and not far from Klocks, both sandstone and 
limestone, the latter at one time being used for lime-burning, and the former for the 
manufacture of grindstone. At Mattawa there is clear evidence of an old channel 
which extended from the Mattawa river a short distance above the village, and con- 
nected with the main channel at the foot of the rapid about three-fourths of a mile 
below. 

Thence westward along the Mattawa the rocks are all of the crystalline series 
chiefly of granite and granite-gneiss. A small outcrop of crystalline limestone is seen 
near the foot of Talon lake and at the Talon Chute. This is of good quality and has 
been used for lime burning to some extent. These limestone have been cut across by 
masses of red granite, which shows a finer texture along the line of contact. In 
places the rock is serpentinous and many portions would make an excellent building 
stone. . 

On Lake Nipissing also small outcrops of the crystalline limestone are seen as on 
the east shore of Great Manitou lake where it occurs with a massive red granite- 
gueiss. The limestone here is sometimes of pinkish colour with small plates of biotite 
mica. Otherwise the rocks around the lake are granitic with the exception of small 
outliers of Black river limestone, holding fossils, which are found on several of the 
Manitou group of islands. These rocks are both sandstone and limestone and are the 
lowest of this series in this direction. From this lake to the mouth of French river 
the rock is mostly of the granite-gneiss variety with a general absence of limestone. 

Tt is not considered necessary in this place to enter into details as to the orgin of 
the several rock groups which have been described in preceding pages. The gneiss and 
granite west of Pembroke is usually regarded as representing the oldest portion of the 
crystalline series of the archean, sometimes known as the fundamental gneiss forma- 
tion. Further east where the series of banded gneiss, with quartzite and crystalline 
limestone, is exposed the formation is regarded as of more recent date, and is known 
under the names of Hastings or Grenville series, and as probably representing the 
lewest portion of the great Huronian system. There is evidently a’ great physical 
break between these rocks and the next in order of succession are the Potsdam sand- 
stones, since the great bulk of the Huronian and Cambrian rocks, seen elsewhere, are 
nct recognized. While there have evidently been great periods of depression and of 
elevation throughout the whole extent from Lake Huron to the St. Lawrence it 
would appear that for a very long interval the surface was permanently elevated above 
sea-level so that the intervening formations between the gneiss, quartzite and lime- 
stone of the Grenville series and the Potsdam sandstone were not deposited. Sub- 
sequently the subsidence along the lower Ottawa at least was more regular since there 
are no visible breaks in the scheme of geological formations to the top of the Medina 
at least. 


= 


(Sed.) R. W. ELLS, 
Geological Survey Department. 
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MEMORANDUM REGARDING MINERAL DEPOSITS. 


The mineral deposits along the route of the proposed Georgian Bay Canal, are 
aliuded to throughout the foregoing report by Dr. Ells, on the geology of the section 
of country to be traversed. The industries at present active, however, are confined to 
those exploiting deposits of mica, felspar, graphite, granite and limestone used in 
cement manufacture. One iron mine also is to be added to the producing list, which 
is situated on the Kingston and Pembroke railway. In this latter belt of country con- 
siderable activity was exhibited in the past in the exploiting of numerous bodies of 
msgnetite iron ore, but with the exception of the above-mentioned mine, all have been 
idle for many years. 

The very extensive and flourishing cement industry situated in Hull, Que., would 
bo a heavy contributor of freight whilst the corundum industry in Renfrew county 
would doubtless add to the business offering. 

Considering the country lying northerly from the above route in the district of 
Nipissing, allusion need be made only to the Silver-Cobalt mines of the Cobalt camp 
and to the pyritiferous copper deposits found in the Lake Temagami district nor 
should the iron ore ranges of the same district be overlooked. Although these latter 
ranges are not as yet being worked, great hopes are entertained that with further ex- 
ploration, extensive bodies of pure ore may be located giving a basis for extensive in- 
dustries such as have grown up along similar ranges on the United States shores of 
Lake Superior. 

Passing westerly mineral deposits situated within reach of the shores of Lake 
Huron and Superior may properly be considered in this connection. 

Among these may be specially mentioned the well known nickel-copper industry 
of the Sudbury district as well as the operations of the Algoma Steel Company at 
Sault Ste. Marie. 

Throughout this stretch of country bordering the upper lakes from the Parry 
Sound district on the east to Lake Shebandowan on the west are numerous deposits 
of sulphuret copper ores, an interesting feature being the recent re-opening of the 
Bruce Mines group of veins so extensively opened up in past years. 

The mineral ore bodies of the country back of Port Arthur and Fort William 
have been recognized for a long period, the gold mining industry of the Lake of the 
Woods and Rainy River districts being of long standing and a number of bodies of 
sulphuret copper ores and of ores of iron having also been found there. A smelter for 
utilizing the iron ores of the Atik Okan range has been recently completed on the 
shore of Thunder Bay between Port Arthur and Fort William. 


(Sgd.) ELFRIC DREW INGALL, 
Mining Engineer to the Geological Survey. 
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APPENDIX T. 


NOTES REGARDING TIME CONSUMED BY VESSELS IN PASSING 
THROUGH CANADIAN LOCK: AT SAULT STE. 
MARIE, ONT. 


The Canadian lock with its approaches at Sault Ste. Marie resembles more 
closely in all its features the type of lock and approaches as designed for the Georgian 
Bay Ship Canal than any other known structure serving a similar purpose; for that 
reason a comparison of them may be made as follows :— 


c 


| 
DeptH ON SILLS. 
Chamber 
Lock. Width. ————_—_—_ Lift. 
length 
Upper. Lower. 
Ft. Ft. Ft. Ft. Ft. 
Sop wren Uhr ees A Ra Ome ary Peed 3 900 60 #22 -2 #20 -3 18 
Georgian Bay Ship Canal..........-.---.+ssseeee: 650 65 22 22 10 to 50 


* Below lowest known water level at construction. 


The time consumed in passage through the St. Mary’s Falls’ canal, Mich., and 
data relative to lockage therein, both being expressed in speed in miles per hour, 
will be found on plate No. 36. 

In order to obtain similar data with reference to the Canadian canal and lock, 
the following records of the passage of different steamers therein were completed for 
this office by F. B. Fripp, C.E., Resident Engineer for the Department of Railways 
and Canals, at Sault Ste. Marie, Ont. 


Passage of Steamer ‘Turret Cape’, October 27, 1908. 


Turret Cape—Up bound—light, length over all 258 feet, beam 44 feet, draft 
13 feet 9 inches, net registered tonnage 1,142 tons. 
Locked from mooring at North Pier, lower entrance. 


H, M. S. 
Bow passed lower gatesS.....----: secs cece rete teen eee ees 10 57 30 
Stern passed upper gateS.....---- +2 eee eect eee ee teen tenes td 15 15 
Time elapsed locking... 0.050050 ee bees ras vere ew ns 17 45 
Stern passed upper gateS.....- 6... see e eee eee tee etter tees 11 15 15 
Stern passed upper end revetment wall......-.- +++ sess see ree ees 11 18 55 
Time elapsed from lock......-.- NPR Kesher n 4 tpoeiais ais, 0) Moons 3 40 

Distance in feet, 2,360 ft. Rate of speed, 7-3 miles per hour, 
Stern passed upper end of revetment wall......-----+--++++ss0ee 11 18 55 
Stern passed end of south pier......---.- see cere e eee eee eters 11 21 45 
Time Cla DBO sc. bie os) os nls 4 she gb: wit com = ae mnt cof oe bias 2 50 

Distance, 2,170 feet. Speed, 8-7 miles per hour. 

Stern passed upper gateS.......-.. 0s. este eee e eee e eet e eens 11 15 15 
Stern passed end of south pier.......---+ ++ sees reset eres tees ‘Al 21 45 
Time elapsed from lock.....-.5- ++ .0se sees ree eee e nese 6 30 


Distance, 4,530 feet. Rate of speed, 7-9 miles per hour. 
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Passage of Steamer ‘Juniata, October 27, 1908. 


Juniata, passenger and freight, net registered tonnage 2,619, up bound, 1,747 tons 
package freight, length over all 361 feet, beam 45 feet, draft 17 feet 9 inches. 


Locked from mooring at North Pier, lower entrance. 


H M. S 
Bow passed lower gateS........-. 20s sec eee etter eee ee ee eeaes 14 45 5 
Stern passed upper gateS,......---- ee ee cece eee eee eens 15 4 25 
Time elapsed locking......... +. sees eerste et eeeees 19 20 
Stern passed upper gates.......- 22 -s secs eee cette tee e eens 15 4 25 
Stern passed upper end revetment wall......-- +--+. +++ ee eee eeres 15 9 20 
Time elapsedisee te. 26s tam adie s shee sie Rc ste 4 55 
Distance, 2,360 feet. Rate of speed, 5-5 miles per hour. 
Stern passed upper end of revetment wall....-.----+-ee sere ee ees 15 9 20 
Stern passed end of south pier upper entrance,.....-.-4--+-++++++: 15 12 30 
Tinie elapsed nics 6 = oe nce ws ele ao sie eg phe R's Ee Bann ae IS 3 10 
Distance, 2,170 feet. Rate of speed, 7-8 miles per hour. 
Stern passed upper gateS.......5 6... see cece cette teen eerie 15 4 25 
Stern passed end of south pier.,..--- +--+ sees eee crete reece eee 15 12 30 
Time elapsed from lock......-.+-++-+++++ RPT ee cuban. 8 5 


Distance, 4,530 feet. Rate of speed, 6°3 miles per hour. 


Notre.—Passage after leaving lock all clear. 


Passage of Steamer ‘ Hendrick S. Holden’, October 29, 1908. 


Hendrick S. Holden, net registered tonnage 3,091, down bound, 7,616 
ore, length over all 430 feet, beam 50 feet, draft 19 feet 4 inches. 


tons iron 


H M. S 
Bow abreast station. 102.00...........cceee cece crc docesences 11 6 10 
Bow abreast end revetment wall......-.-- 2c eee eee ree eee eee eeee 11 11 5 
PRIS CLA DSOCS sie ciate hates eiS tlre ans wept ei ins Wary o8 Harbus in, 4 55 
Distance, 1,450 feet. Rate of speed, 3-4 miles per hour. : 
Bow abreast end of revetment wall....-.. 0... - eee eee eee eres 11 11 5 
Bow passed upper gateS........ ++ eee ee cee eer e tert terete 11 19 55 
Time ela psed.ccs oa ade ees wks eels oe ene ane rine ne 8 8 50 
Distance, 2,360 feet. Rate of speed...., 3-0 miles per hour. 
Bow abreast station. 102.00.........-..0- ee cceereee ctr re estes 11 6 10 
Bow passed upper gateS......5---se eee e er ete eect teen teenies 11 19 55 
ST iis CLA DREG 5 citi oes 3 ee sia soi, ele ote aS mele pana Oe 13 45 
Distance, 3,810 feet. Rate of speed, 3-1 miles per hour. 
Bow passed upper gateS..... 0... cee cece erence eee e ences 1 19 55 
Stern passed lower gates.......----2 sess sees cette eect ener eees Gl 42 40 
Mimecloeking..s.< <si5 cis oatoserln 4d pa kee Te seeR eie teil eee 22 45 
Stern passed lower gateS.......-- +e eee cere e etree terre ene 11 42 40 
Stern abreast end south pier, lower entrance. ....-.+-+-++++eseees il 48 20 
Timi: G18 DBO vas oie 9 2 nisiee 6 ere tel wn ape eig sre ctie EO 0, nie wile ao 5 40 


Distance, 1,870 feet. Rate of speed, 3-7 miles per hour. 
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J. H. Bartow, bulk freighter, net registered tonnage 5,021, down bound, 9,500 
tons iron ore, length over all 525 feet, beam 54 feet, draft 19 feet, 10 inches. 


Passage of Steamer ‘J. H. Bartow, November 10, 1908. 


15 M. Ss. 


Bow abreast end of south pier, upper entrance..............++05. ik 5 45 
Bow passed end of revetment Wallieincs .c ners sei te ner nctoie io aioleleselels ial 13 10 
LUMO] a PSCC ee aie eis Secsd us rene ieee ety aeieiey iti aoe sae caueeeone 7 25 

Distance, 2,170 feet. Rate of speed, 3:3 miles per hour. 
ibow: passed end of revetment wall oc. oe soc scious nel ote ue este cs aweee ede 15} 10 
Bows DASSeG HUDDEL- Oa tess ey cis ioxccd. aleeciccnerernetstieetne ee ea eee ene 11 24 30 
THNGTeLAPSetls faces «bon, 5 Se ma ele RIOR DISS CRAM oe eae 11 20 

Distance, 2,360 feet. Rate of speed, 2-4 miles per hour. 
Bow abreast end of south pier, upper entrance...........++++-++: 11 5 45 
Bowa passed upper gates seis: sclerosis ie teenie oueue nal etie st snare ale 11 24 30 
Rime elapsed sercse tite = «cis sya nara aa eres ae aierer a eit eseLo see 18 45 

Distance, 4,530 feet. Rate of speed, 2-7 miles per hour. 
Bow: DASSEGAUPPOLACA LES. cciagics. situs sie cuokeaeehots sha seelagenate amet s bene iaralte 11 24 30 
SlETNePA Sse: LOW ETT ALTOS sce hie ghee aus etre nope tege eke dase ye uate ee Roigoalae ecteeeu Teas Ti 57 15 
Mimevela psed Mocking. ac ciate ae ee epel oa ecer neds 32 45 
Stern: passedslower cates: cecch ci mee aie Siti ie rei toate a ea idl 57 15 
Stern passed end of south pier, lower entrance........-.-+-+-+0-> Ba I 5 10 
EDime tela PSed Sesion ae en rea Ae Oe ee 7 55 


Distance, 1,870 feet. Rate of speed, 2-6 miles per hour, 


Notr.—Passage all clear. 


Passage of Steamer ‘Joseph Sellwood, October 27, 1908. 


Joseph Sellwood, net registered tonnage 5,269, up bound, 9,000 tons coal, length 
over all 545 feet, beam 55 feet, draft 18 feet 6 inches. 


H M. S) 
Bow abreast end of south pier, lower entrance............-..+-55 12 49 25 
Bow ‘passed. lowerpateson sects ancora ee a ee ice een ie 13 if 15 
PEIN; Gla PSO Cl gstsrcwshe rorcens se > Eales va ree AR Rite gs entire es if 50 
Distance, 1,870 feet. Rate of speed, 1-2 miles per hour. 
Bow passed lower Satessvscc cs me ch tete rte enone eruietaus oinua eee taee ree 13 i 15 
Sterno passed upper wates! sieecs ol seer eaneme tte ins eon ene ee 13 52 55 
Timetela psedilockin gs: :-s.si2 scteteronaecrerer ee toeote cela hoe ae 45 40 
Stern passed  UPPer Wa tose sews ee eeu eee Nee ees ee kel ee 13 ey 55 
Stern passed upper end revetment wall...........-2-..eeeeeceeee 14 Is 10 
MLUIMG IE APSEC encusis sieike baz -o wie VR cutee AO yee ees ete mise ert 12 15 
Distance, 2,360 feet. Rate of speed, 2-2 miles per hour. 
Stern passed upper end revetment wall...............ceeceeece 14 5 10 
Stern passed end of south pier, upper entrance.................. 14 12 25 
VimMelels DSeC tacoma! tasers 2h.1.<-0-02 4 Pe eer atte: chs achele 7 15 
Distance, 2,170 feet. Rate of speed, 3-4 miles per hour. 
Stern passed upper wa tess: svcra-cic o sehr eee) tn ee oe 13 52 55 
Stern passed end of south pier, upper entrance...............+-- 14 12 25 
Mumia Bln NGeU. ese. oe & < siaieke oe AR ao ee eae 19 30 


Distance, 4,530 feet. Rate of speed, 2-6 miles per hour. 


Norr.—Rate leaving lock at upper entrance slow owing to meeting down bound boat between swing bridge and 
end of revetment wall. 
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The variety of classe of carrier, length, beam, draft and net registered tonnage 


will be observed. 
From the following it would appear that the time elapsed in lockage bears a 


definite relation to the registered tonnage. 
ere. eee ek le Ee 


$ Registered | : 
Steamer. Time. 
Tonnage. 
adeeb nae Pinta, Bi gh ay ET 

Tons Min. ‘See 
Marre Ga Peri nac in Lore << oT a ae Pee eee Ie ote « Se ied Si en Se BAT a Fels 1,142 17 45 
AREVEEEN hse ce Sto OD 1G OOO RE OE eo are D GeO Nets Ch tery COND ROI NC terra RRC CRD a Qi 2,619 19 20 
BU FEO PEON GON oc Sv nincz petiole a seep wating one SP Bere sete wie! heresies feiaed 3,091 22 45 
FAN SORE Tas Pea ures eve nee ra Om EEA, Or, ROE Ni Om aot SR COMO ag 2 eo 5,021 32 45 
pa bisclimOOd. ee itn eat ees tui esr atlerithe wean gine se ee eet 5,269 45 40 


PR VETA GE nok Noreen eye ae tee ose nine oye sl ego tink eee Mya em hae eas . 
ee a Ona ey Sih te ene SE I ts ee 
While this is in a sense speculative, it fairly represents the average condition 
within the lock, but of course it is understood that the average elapsed time of vessels 
entering and clearing the canal is very much greater, probably taking between an 
hour and one and one half hours owing to their being obliged to wait for their turn, 
and the crossing or passing of other vessels in the approaches. 


(Sed.) S. J. CHAPLEAU. 
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APPENDIX U. 


EXTRACTS OF A REPORT BY MR. J. E. WALSH REGARDING TRADE 
STATISTICS. 


CANADIAN GRAIN TRADE, LAKE PORTS AND MONTREAL. 


For statistics of Northwest crops, see page 567. 

The total number and capacity of Canadian and United States vessels carrying 
grain from Fort William and Port Arthur during the season of navigation, May 7 to 
December 12, 1904, were :-— 


Canadian—Number, 38; capacity... ........ 8,260,000 bushels. 
United States—Number, 16; capacity.. .. .. 2,815,000 “ 


Whilst the United States vessels equal only about 30 per cent in number, the 
carrying capacity was over 46 per cent of the total, an evidence of economy due to 
the operation of larger vessels. 


During the season of 1905 the grain business at Fort William was divided as 
follows :— 


46 Canadian vessels, capacity... .. .... .. .. 8,775,000 bushels. 

46 United States vessels, capacity... .. ...... - 7,025,000 ee 
During the season of navigation 1906 there were :— 

56 Canadian vessels, capacity... ........ .. 4,757,000 bushels. 

48 United States vessels, capacity... .. .. .. 9,836,000 3 
In 1908 there were :— 

77 Canadian vessels, capacity... ...... .... 7,822,000 bushels. 

45 United States vessels, capacity... .. .. .. 11,295,000 5 


engaged in carrying grain from Fort William and Port Arthur. 


(Note.—The Wm. P. Snyder (United States vessel) loaded 380,260.50 bushels of 
wheat in 1906, the largest cargo of grain ever carried on Lake Superior.) 


The number of Canadian and United States steam vessels trading on the lakes 
and rivers between Canada and the United States (exclusive of ferriage) which 
arrived during the fiscal year ending June 30, 1904, at Fort William and Port Arthur, 
was :— 


Tonnage Number 
es Number. of 
Register. Crew. 
Fort William— 
GSW 0: 1 § G9 PNRM Ba tart Pyle) yi icy CLLR Ee MEER re x MED tect att Pea ROT ee 96 113,760 1,769 
Mimited. Sta tesivcccotaie tieqeccre seakere eiolet ete’ ose ay'ens tole) ahve ve citon eae aya ms ear tien ctret let tic 149 281,774 2,708 
Port Arthur— 
COPA Tee pT 5 1 eRe ate ok tee nena Sars nL ihn ap ts eae PRE pn Sa Er LNA Regn doh s epee 184 331,735 10,887 


United States ois hicig 212 3 tara mouse sr auaeesarodei gig <farevonatiecsaiae-ciesarsete, coal eels 370 176,642 5,842 
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The passenger steamers of the Canadian Pacific Railway, the Northern Naviga- 
tion Company and the Algoma Central, increase the Canadian tonnage, without 


furnishing any great amount of space for bulk freight. 


The number of Canadian and United States vessels (steam) which departed from 
Fort William and Port Arthur during the fiscal year ending June 30, 1904, were :-— 


Tonnage Number 
a Number. of 
Register. Crew. 
Fort William— 
CEC SITONGG VS Tas a ne Oc eR ERS 6 OSL coca RS. CRE Pe erat eR aE eA og eR re 74 116,405 2,301 
MPL v etna te bOGetne <5 te siiee temo eye ad Leen cailg oe e auarsia veri Bale + 158 285 , 284 3,703 
Port Arthur— 
CATIAGIA Teter eee oe Reape nape Wear BEN Memrern « Ble ete ale reraenataeg 86 120,736 3,672 
Ae COREY EN VEG Ss 50> crs MECN IaN ae igi. Actiie os BIS tesa eda ave, BID p ee ae © 370 176, 642 5,845 
Arrivals during fiscal year ending June 30, 1905, were :— 
Tonnage Number 
cea Number. of 
Register. Crew 
Fort William— 
CCA INA LATA om tet oo cil sestMo Ns ha oc aliars os etsy artes evetray crepe er wnsiias oc tacilgeanhcattey alt, ies 6 114 165,631 1,159 
PLCS) TSAR So tig epee en pL ey Cn ce el 229 263,558 4,564 
Port Arthur— 
OPSEG TIGHT = Sholotale dirt S pont lip ratrmee CcdCds Bee ee Mp eS OR ARP Rars| Nant ee ea er cour ay Pea 79 95,559 2,647 
I eo eae ee Sic nie A ee tye hance eam ok 332 184,648 5,843 
Departures :— 
Tonnage Number 
——- Number. of 
Register. Crew. 
Fort William— 
CGR ATDAYG DeVoe 5 TORSO CBee Ag OT ERIE ey BES 1 Rune Ds ened th PRR SMe 1 fh x yey ONS 96 157 , 220 2,728 
GEARS TACOS ene eerie ee aR ate ar ee ae ns Mier adep fea ar heh tens 242 324,159 4,619 
8 
Port Arthur— 
TNS CURRIN ene ae ee ee Bea eT Eee oe ISS To eseone A: is renee eksmantes sites areas 32 42 ,643 Th PAL! 
Rial PEEL SSE DS. te eal aaron enh oe eiioaea ate Ran Vode hn Soho nbc pons aelio eal taal 332 184, 648 5,833 
Arrivals during fiscal year ending June 30, 1906, were :— 
Tonnage Number 
———— Number. of 
Register. Crew 
Fort William— 
OTS. WAL SOT: State CA ele Uo ee eee oanner  eY AMOIE LC aad 95 144,260 2,040 
MRAP CCL Mota Bee ete Wi then age sis alcanel be nein evant ah pam went aR > 263 564, 782 5,206 
Port Arthur— 
RIAD RT seo Ne oe ae ooh Boos 5 ng Sse ratal ob, ay ste or OG. e Capa aeRO oS 369 446,490 12 177 
NO eee eae erties ete ae hs CRI 291 161,796 5,820 
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Departures :— 


Sr a a a 


Tonnage Number 
aa Number. of 
Register. Crew. 
Fort William— 
Gana CIB Ns oice sco © Paey ae ete Mite abe: we bolts aie; «seni aig RIN Ss «eee omiels a% 123 202 , 647 3,671 
TagietO Stabe Mee esc eie ck ee as et cman aieye soo ha leencal aera ema anne cal emanate 262 564,632 5,284 
Port Arthur— 
Gata ease oat cw Sere se aca ne pie matin Gos wooo ere pbbeesrmainsiala xa eaten tatalnneg? 84 111,888 2,940 
TIRE ted CSTR LGR cere eo eyo ataterale Sosy vo ate asveokere Are tela tener emi reia outa 291 161,796 5,093 


Arrivals during nine months ending March 31, 1907, were :— 


Tonnage Number 
eee Number. of 
Register. Crew. 
Fort William— 
eVGA, NN races io oi ena hiake a dal cuar sles wierae she 6s hala «ei euaeee 60 79,752 986 
MT LSC TUR UES an oy en 5 ean Bone wo Sinterars Soe a etarde Wrorainiarete wa e/a serie ta 163 354,611 3,163 
Port Arthur— 
Gera GLAD TN ae eases ehene le es os (osolter en abeTbs fal whcoils to/srraiabelis Poltaihel Sicey nuh /on oRsomen eho laRescnol 197 259,781 6,566 
United States... 2... - 222-1 e eee cele ee ee tee cece eee ene e eee: 185 245 ,914 3,556 


Departures :— 


Tonnage Number 
——— _ | Number. of 
Register. Crew. 


a re a Pr Ro er re er er a ae Pre SE | EE 


Fort William— : 
BTS CTO Reet ORE Mie ROLAND at ARAL MRT CRC IC In ae CR ITC CR 79 128 ,038 2,398 
TIN LLOQ TR TOS. ik cielo fe ols Ua ais a's Sretietone ur vole eiee cam lahe ie aime eae ater 160 341,236 3,081 
Port Arthur— 
ieee ERAT cof Sie sca pieietaee cat eb es age a nee deanca tags oh arate te ay sy pes enscal 118 150,448 3,764 
Rinited OLates sci «6 Sees ssn aieseptn toe cre aiepelnia ree Pe eae 197 257 535 3,759 


fila Ml ee SO tla 8 ge a 


Arrivals during fiscal year ending March 31, 1908, were :— 


EES SS Ene a Nc ee ee eS 
ee oooooooeeeeeeeeeaaaaaaaqaqaqoq«q«q«q«q«=«~aouaaaaaaaaaSaaa eee 


Tonnage Number 
a ee Number. ‘ of 
Register. Crew. 


a a pp a a ee Ca er rr a ———— | nn 


Fort William— 


Oreos cael aR Eh oes Fes nde tais Oca otra eis se Saica shea ae lalavanle Byala wis el arataimee aa 153 ,300 1,529 
Rinthasb Sta ten Wren e cic dae s Ais a alk <iase ala wihlnauciaes gjentm g's © acre 229 535 ,725 4,848 


Port Arthur— 
rs one aA DIMA ie Sree cick coin oi co ar COP een base GN eae creas Cree Note 89 112,589 2,328 
Eat Stn beb N dice oa ernie a agals rane Men ne, at 313 539, 292 6,394 
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Departures :— 


Tonnage Number 
—— Number. of 
Register. Crew. 
Fort William— 
Gara dian nc tera bern eins ei oae age mae der M nied 208 Lie eau 75 TBORL EZ 2,015 
ROVE AS tases emer ae er oratee eee eT oleae eters velco Sabet ta aa 234 529 , 223 4,884 
Port Arthur— 
BEAT PEN VEN Gta Rem naalee an ity rie a eI WES ne ee ACR A plownc cones ths 109 150,101 o.1oe 
MWintiterle OtAtes ester cee ee eres ie kr. eee SES Sea PRe, oe meee 321 633 ,095 6,706 


From this it will be seen that the preponderance of tonnage in this particular 
trade at these ports is in favour of the United States. 

The following is a summary of British vessels employed in the coasting trade of 
the Dominion of Canada which arrived at or departed from Fort William and Port 
Arthur in the years mentioned :— 


ARRIVED, DEPARTED, 
Tonnage. Number Tonnage Number 
Number. of Number. of 

Register. Crew. Register. Crew. 
[Fiscal y ar ending June 30, 1906. 
Morte Willian oie seto ie ae 469 629 ,478 13 ,094 476 623 , 187 EoGo5 
Port Arthur eee eae oi eae ieee 383 509 , 292 11,909 430 562,208 13,435 

June 30, 1906. 
HORGR Walla tee ee ei elie ease re 477 612 ,288 13,840 451 571,399 TZ eLo7 
IPOrte Are Ue e. co nis iealace cena. 432 574,560 13,392 715 G08 , 744 22,619 
Nine months ending March 81, 1907. 
Orbs Wii an. oes osc etek 325 426,690 10,575 308 394,609 8,419 
POrteArthureac st ech ie aan 297 280,526 9,493 564 488,410 12,280 
Fiscal year ending March 31, 1908. 

Horbpyvilliatn. <. socucpiecouekevevere es: 547 755 ,678 US) 200: 622 811,887 16,305 
IPorteArthurs: somaie. his] 2 © stat eae ob 545 725 ,360 16,644 521 684 ,478 15 ,937 


Shipments of wheat and other grain from Fort William and Port Arthur by 
vessel and all rail for nine crop years ending August 31, 1908, were as follows :— 


Crop Year. Toe Vessel. Rail. Total. 
SOO = 1.0 OO real Wie ait eteriecesaeees Sod etn tout Steen aeas coterie ous 16,086,582 2,263 , 247 18 ,349 ,829 
OOO hO OMe call Wien betes inet chs cid ctere. Gneorain ere niet comnic brane ORO. 222 677 , 289 6,468,511 
TOOTH 1SO Dae Wihrealtas we a tie de oes Sin oe sede Paes Paes cern eee 27,180,204 968 ,524 28 , 148,728 

POtal Prarie 22 3 ose Le aan cigs aaron aee 27 , 793,200 1,554,172 29 ,347 ,372 
1OO2=1OOSt ee IWhes tatrtns tae eee he eiehels,s out tera erebo ketene 38,426,856 3,060,680 41,487 ,536 
PL Ota phases 6 2 ky faye > orig Meg ie ee 40 ,036 , 223 3,508 ,623 43,544,846 
OOS LG eee Wh ea Gestetner ees rans o Mae imei eine orera: 28 ,552 ,625 2,831,526 31,384,151 
Rotalggerainsssa tet) kb bher ike lee enews 28 ,897 , 667 3,122,414 32,020,081 
LOS 105 Mee WORE orci etcote ais ore: Secs eh ay oaateieyecets enats enters 27 , 734,871 1,934,236 29 ,669 , 107 
EP oytaltarrainiGes ten bi catinc Melo otaks nalts epmehe 28 444 645 2,528 ,693 30,973 ,338 
AG p= LOOG Aaa Use tosh etait se < etic cu nchaac ya asl vss ine lege one 49 ,627 ,267 | 5,882 ,453 55,509 , 720 
Mota lprainas. ster + cto ee center rae 54,438 ,527 8,209 , 482 62,648,009 
LGOG= 1 GO 7 SI Dea, red feo eee owes s can ayers sui proce ontighs 51,719,952 3,129,697 54,849 ,649 
Bc tiale OTANI Seen ee ee a et teroe ao rats ciel) ree 64,314,134 5,881,745 70,195,879 
GQ 7= LOOSE HIN Len teak tee hot opted st aceon satel bg Ghose 37 ,925 ,9S6 9,595 ,494 47 ,521,490 
PEt MBNA ose, et sa hao k See cad ay 9 are lee 47 , 743 ,336 14,364,177 62,107,513 
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During the season 1903, Canadian vessels carried to Canadian ports, 27,868,420 
bushels; United States vessels carried to United States ports, 6,842,573 bushels. 
During 1905 Canadian vessels carried 29,334,881 bushels of wheat, of which 2,050,540 
bushels were taken to foreign ports, whilst United States vessels carried 11,218,882 
bushels to United States ports. Total wheat to Canadian ports, 27,284,341 bushels; 
total wheat to United States ports, 13,741,504 bushels. During the season of naviga- 
tion 1906, Canadian vessels carried 27,924,429 bushels of wheat to Canadian ports and 
4,053,905 bushels to foreign ports. During the same period United States vessels 
carried 12,398,003 bushels to foreign ports. In 1907 the total shipments of wheat by 
Canadian vessels were 37,446,696 bushels, of which 32,827,280 bushels were for Cana- 
dian ports and 4,619,416 bushels for United States ports. United States vessels 
carried 9,658,849 bushels during the same period. 


Summary of shipments for the years 1906 and 1907 :— 


Sela are ay ee ag eg 9 Se eS ee 
<a eS —— 


Total Shipments by Vessel. 1906. 1S07. 

MTB asa © hes. A. EUR err One ois eeu SUA ts Ge ira. ays Jo) ose RRS sae pec eres ie 44,376,338 47,105 ,545 
Eber ere LLNS spectre Coles aioe shang ecole pnw iad ya zaatiain feet aaa mie hak aetna ae aera 6,807 ,377 12,705,274 

er PN eae eM Cod cle eden ae Ra AS: 51,183,715 | 59,810,819 
Wheat to Canadian ports: .. .... 0s. : 0 cece tcc erent nec e eect eee es ee ceeas 27 924,429 32 ,827 , 280 
Wheatito foreigm ports. . lle. Lk wc ewals h« ules se arinl se mony cms deine eiaene erly Ne eee 16,451,909 14,278,265 
Other grains to Canadian ports........ 2... ++. secret eee eee e teense 6,710,247 11,599,157 
Other grains to foreign ports........ BAU: et ARGS ratios fovrayat Dieu Toa opetsh este me talcae Siero enteae 97,130 1,106,117 


Tt will be observed that over thirty-two per cent of the 1906 shipments went to 
United States ports. 

Wheat shipped from Fort William to Georgian Bay and Lake Huron ports is 
distributed :— 

1st. To the millers in Ontario for home consumption and to grind in transit for 
export. 
Qnd. A very considerable quantity goes to the millers in Montreal and other parts 
of the province of Quebec, and the balance is for export. 

A conservative estimate of the final destination of the wheat shipped from Fort 
William via the above mentioned ports places the amount exported to be about 60 
per cent. Therefore, if we deduct 40 per cent for the requiremnts of Ontario and 
Quebec, there will leave 16,381,073 bushels as having been exported by Canadian 
routes in 1905 as against 11,218,882 via United States ports. Montreal Board of 
Trade returns for 1905 give the total amount of wheat exported via that port as 
9,735,727 bushels, of which 9,297,950 bushels was Canadian wheat. 

As already shown, Canadian vessels carried to Canadian ports in 1906, 27,924,428 
bushels of wheat. Deduct 40 per cent for local consumption and milling in transit, 
leaves for export 16,754,657 bushels, as against 16,451,909 bushels via United States 
ports. (It is fair to assume that the entire shipments via United States ports are for 
export.) The total shipments from the Port of Montreal in 1906 were 14,298,251 
bushels. In 1907 there were carried to Canadian ports, 32,827,280 bushels. After 
deducting 40 per cent for local consumption and milling in transit there is left a 
little over nineteen million bushels for export. The total shipments from the Port of 
Montreal including United States wheat were 20,975,378 bushels. 

The total capacity of elevators and warehouses in western Canada operated for 
the season 1907-1908, including terminal elevators at the head of the Great Lakes, 
was about 58,535,700 bushels, of which 18,758,700 bushels were in terminal elevators. 


GEORGIAN BAY SHIP CANAL SURVEY 


SESSIONAL PAPER No. 19a 


561 


The total increase in capacity for 1907-1908 was 3,313,500 bushels, namely: country 
elevators, 3,179,800 bushels; terminal elevators, 133,700 bushels. The total value was 
approximately, $11,707,000. 


Statement showing shipments of wheat from Fort William and Port Arthur by 
vessel, and destination, during the seasons of navigation 1905, 1906 and 1907 :— 


1605 1906. 1507. 
Destination. 
Canadian (United States; Canadian |United States) Canadian United States 
Vessels. Vessels. Vessels. Vessels. Vessels, Vessels. 
Mens Sounds: ete piesn Sant Ay dees, ASITGSS te ese DO1Fs608 ses cee ees 
Mi ala dees eee me «.- DMT AGS Beir ok sak cc, Clay ok i Qabgnee omen 3685 541 owas: eaten 
EEE WT, one oc | i So onl tts viele ts Mt men trees re eS 8 BSUGBT sane aren 
Depot Harbour........-. GG o LO Wewe ae oo ea a Bi 2460208 fe na nes ue BeGE Foo eke renee ots 
Collingwood.........---- AS ONT SS eal uatelene tsetse BOO, CIS Mak cic cas crete SSO 2400 iA ees 
Sarnia, Point Edward.....| 2,251,069 |....-.---+--- 2,665,382 fons oc ees DATA TOS Nh ihsiow shal bene 
Mieatordsnsii) ns ane moore « ERO OUISY tie 6 nici Bo Alb one IAGSEOS5 alawere cian UBB Sy lacs oie sore 
Goderich... .0\-3 PROLO B84 lei, Lome ae Peas SOLE i eek eer BI S19, GOOG: honnccneees 
Welland Canal! st. 200-5. (pi aloe ta aoe cre Angi db ear eee eke ear I Ue Sob aay BA 244 Ce Re eneies 
Rortestanmley sqsminte ee ie leet eer ee seller ite (et eisyierct os 125 BOO fd cca ole lal Wie nea meni chai ange ee 
LOLs Sickie sae ites eon PAE OT Ss Ac teras tere VENA: v- til ere It, fey Oey RMR aE RIT se negct dsc nae 
Kin @stowi ca cssn ess ec be ROMA Tao ee tee ise Oe onan hea ten anamnce eotieanas s Ucncee C8 aS cil er Svan 
Oe he eh nt st ean Th Rees SEP os olan? eRe 1D. 205. STB ui ae ees 
Miontheale scotia. oct GrEIs OO Uae ocr ws bees rere ate Wen ra erento igi ch ee ee 
Ponte euUrOnsegsso qepewoney PE CHAS 181,793 1,086,595 386,514 369 ,510° 555,938 
Patino tess ts ioe sarees 454,963 | 10,443,823 2,729,209 | 10,806,539 3,889,722 8,797,964 
REM pao Gr ers seenk ete ge Ok PALS iter} 543 , 266 238, 102 1,133 ,653 360, 182 219,362 
Chime ee FOE CUR oA CREE ERE ET AOE ra) Bene nS 85,554 
40,982,792 44 376,338 47,105,539 


Notr.—The discrepancy between shipments during the crop year and season of navigation is due to the 
fact that one is for twelve months and the other from April to December, 


Assuming that 60 per cent of the quantities carried to Canadian ports and all 
the shipments destined to United States ports were for export, it will be seen that the 
shipments via United States channels are almost equal to those via Canadian ports 


at the present time. 


Total capacity of elevators east of Lake Superior is about 18,455,000 bushels. 
Their location and capacity are as follows :— 


—_ 


Collingwood 
Goderich (2) 


Midland (1) 


Fife RS CSTE ISCO ah Ot SGM tie MRM re rc Sc ROR Ee A ee cS Sa Rana A ea 


Point Edward (1) 
Port Colborne (1) 
Port Stanley (1) 


Depot Harbour (1) 
Coteau Landing (1) 


Ne REAL Co ame me AI tos Dik ile Soret «6s 0e, © Pacem ere ymin Bia eas Sie Se ANP eS 


Bushels. 


eae so Rehas «We oR ctis’ 0 a Claro Sion, sipomoteohiantes malin liso. tetishagle ells (gia spe kins eeh SRT eis Bec SHENTON ae ASF ees 
oes lhe 55 soe RMA Ser SUP React ig Rec OAD Aeon a cu ey etait Cate ONCE Ong aeD AOR aie Et ie eos ee lage ae Reig 


ESTE HOO OR COLO, oe Pe CaN CE OROL Car CEI CLONE STE CxO SECNCROI SAREE OSL OC AG Sky ak et cen Saal Re 


BET ACO ee ere ec egy cc ene Bie) ee nls arrestee nine gl re men nents sie ae Ae he MAS” 


160,000 
700, 000 
1,600,000 


mec) Er scal 


1,000,000 
500, 000 
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Of recent years there have been annual complaints in regard to the congestion of 
the grain traffic at Lake Huron and Georgian Bay ports. Several complaints were 
made to the Board of Railway Commissioners, particularly in regard to a shortage of 
ears, and the inability of Ontario millers to get sufficient grain to continue operation. 
At a special session held in Montreal to consider these complaints the chief question 
under discussion was whether the railways were justified in giving export traffic 
preference over local freight, and if such discrimination which had admittedly taken 
local and milling in transit interests throughout Ontario. 

Notwithstanding the efforts of the Grand Trunk to assist in relieving the situa- 
tion, recognizing the national importance of export traffic, that road was unable to 
continue in the business steadily without sacrificing the local interests in Ontario. 

The Ontario crop it is claimed is not nearly large enough for the home mills. 
The milling of Manitoba wheat has increased and it would seem as if a large por- 
tion of elevator space at Lake Huron and Georgian Bay ports were required for the 
local and milling in transit interests throughout Ontario. 


RECEIPTS OF GRAIN AT MONTREAL. 


Aunt SiN By Rail. By Canal. 


ee ee eee, | 


Tons. Tons. 
TCS] OARS Secor Ta et a EO Sa aN a ems Saye ROIS ate Reg RISO ae et he iab MRR MIO, tr tues Bri Mt sath a ca 263 , 861 242 ,225 
OOS Ete tarpon atte arate cote eee ete ar Rete ee EO San Pd ail os eon Nate ee a at 253 , 959 400 ,057 
GOA ie Sacco RANE erie nr a Bb oak HAEI a abut atte, ct caPeNE alse feu coh eu V5 BU GoR a Sie Sel Pas a a a 154,625 220,076 
THOT SW Ak ntrisity byes eae ALM Li aie al Ls AEN Pines eee gamer ALL Gel es ete a UP 148 ,377 375 ,630 
RE OCG rine dene sae scr se Rests Staves tor ay hem ock oe Oe Le Ra toto ce aan ree eg aa 386 , 963 449 ,673 
NCU Say en 00d oe LSPS PUBS saa WSS rah coer So Mens Rta hee aa vf 383 , 735 684,697 


“By rail’ includes Ontario and Quebec grain. 


THROUGH GRAIN SHIPMENTS TO MONTREAL INTACT. 


Number of Vessels. 


a Tons, 
Canadian. American. 
LOO Dre teens cE Pe BS race aks [naa Te RCE DA ee etc amine ae ea 131 135 312,136 
OOS Are earn lasted re hoves PN ee A ohne it Siete by eres dos, oid RAN TE eee nN 56 18 99 ,582 
10197 Pre Ce pee ho a ES Cee Oe ern ae Te OAD be ee ce ano) 56 16 116,095 
AICOT a Fetyick, sit Meare teed on cer RAND a Neen Re Mar ieee. pia TAN: SMe AIR 2) soe pele) ) 96 18 180,206 
POOR SiR teeek ea ore ta deem a PS is nc a We Lili hs ooh Baer RN 74 10 108 , 734 


TOOT Ce hr en lc eu eee dene ae ac oe ei ae 102 14 168,796 


The above statistics show the number of vessels which took cargoes through 
to Montreal intact. 


Average for 19 years, 57-4 per cent carried by Canadian vessels. 
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Water lines carried grain to Montreal as follows :— 


arnt | Year. | American | Canadian 
Grain. | Grain, 
Bushels. Bushels. 
| 1902 318,500 518,997 
Montreal Transportation Company.....--- 0c eee c ete rece een eee 1903 4,770,079 3,592,800 
rex 1904 391/560 | 1,674,873 
Montreal and Lake Superior LANes: wea ele eves eG ae re oo opie an ee fe 1902 137 ,000 760,029 
Great Lakes Navigation Company.....-.- 6 secs cece ee eet ete e eee eens \. 19038 216, OOO |sieraente: teks 
i 1904 1,444,214 144,551 
, 1900 Cee wr 1,078,674 
Canadian Lowage Company .. i. ciys si ose 65 cee ees ei eee eee ea cece’ OOS a esiiertankeanies 997 , 659 
YCOE. ase eet 366,871 
Railway lines carried grain to Montreal as follows :— 
American Canadiam 
areas Year. ‘ 
Grain. Grain. 
Bushels, Bushels. 
: 1902 1,012,000 5,788 ,000- 
Grand Trunk Railway through Ontario..........-0ee cece ee eee e eens 1903 742 ,930 4,797 ,964 
TOIGOA Her cose 2'792,072° 
; } | 1902 | 1,404,765 |.-.....-+++~ 
Canadian Pacific Railway from all points..........--+ + secre cece 1903 1,200,000 |. ....-.-.= ~ 
|| 1904 11 152) 70B ae oa elas 


arte OIE ee Prater at ee elie Cen ge Pk i 8 a ee a re 


A comparison of the east and west bound tonnage via St. Lawrence route between 
Lake Erie and Montreal shows the percentage of the west bound tonnage to be very 
small. In 1902 the east bound tonnage was 250,475 tons, west bound tonnage, 25,- 
289 tons, the largest up to that date with two exceptions, namely, 1883 and 1889, in 
the series. The percentage of west bound traffic for twenty-one (21) years was .0492 
per cent. ; . 

In 1903 the east bound tonnage was 390,786 tons, the west bound, 100,699. In 
1904, east bound tonnage, 278,328 tons and the west bound 71,512 tons. In 1905 the 
east bound tonnage was 448,704 tons and the westbound, 72,482 tons. In 1906 the 
east bound was 554,281 tons and the west bound 96,791. In 1907 the east bound 
_ tonnage was 789,167, and the west bound 1,281 tons. . 

The statement has been made that the Welland canal has been of greater ser- 
vice to the United States than to Canadian traffic and any improvements in this 
direction will tend to increase this. The total quantity of freight eastward and 
westward through the Welland canal from United States ports to United States 
ports for twenty-one (21) years was: East bound, 5,352,149 tons, west bound, 
4,218,937. The west bound tonnage almost equals the eact bound and goes to. show 
the development in lake and rail traffic via the United States lines, that none of the 
Canadian lines, with the exception of the Canada Atlantic Transit Company, enjoy. 

In 1903 there passed through the Welland canal 291,074 tons east bound and 
149,151 tons west bound of through freight from United States ports to United 
States ports. In 1905 there were 190,547 tons east bound and 112,549 tons west 
bound. In 1907, 218,997 tons east bound and 177,660 tons west bound. 

The total quantity of through freight passed through the whote length of the 
Welland canal during the season of 1907 was 1,604,321 tons. Of this quantity 
1,214,544 tons were east bound and 387,777 west bound freight. 
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Of the east bound, Canadian vessels carried 593,384 ‘tons, and United States 
vessels carried 621,160 tons, and of the west bound, Canadian vessels carried 143,436 
tons and the United States vessels carried 246,321 tons, or a total of 736,840 tons 
for Canadian and 867,481 tons for United States vessels. 

The quantity of grain and package freight carried by the Wanada Atlantic 
Transit Company, which passed down the St. Lawrence canals from Coteau Land- 
ing to Montreal, will prove of special interest especially as this line has been of 
undoubted value to the shipping of the latter port. It will be noted that the ton- 
nage carried went to increase the tonnage of the port, without in any way taking 
business away from existing lines. : 


Package 
— — Grain. 
Freight. 
Bush. Tons. 

UR GST Sirin stead Sant ane a wate tees salle cic gh ncaa eae Oe SN Dn AL ne en BO ee Ca aa ReaD 7,553,947 43 , 674 
Dolo Ee iN MO Cae ahp ee On An PORT aeRO Saas hedge oS aetna it 2 hk ANd Se eae aay 9, 287,80 50,042 
LG QO Bee Nac Wines Haye oe LTRS ct 5 ms SEIN Sed late ol ten Uae ON aM re pa) PR CR nee Wa ce a 10,917,156 16,606 
EG Oat Ninh siete Rome PL Oe TES ete?) cad tere Tein SUR ns A OPORTO ccleaner aeons eo 10,759,606 29,719 
AST OP Bey east cater te teers ete ok enue hae Tan Ea MMMM SR LENO HA Ne le uel Gey lalg le Te 03 8 , 669 , 732 29.657 
LS OD dicate Wisi M ea Ants CR Eey Ra ae DARN) t an LAT ate ie ERE RCI abet WROD oc NU AIA n ASE ace 10,103,859 19,542 


AGA SARS cea eile Nets e aki cea, ¥! slic takAnelraty MAMMA ietehc Sete ts ghee ORE ME NC aeRO SO AS ae 7,567,438 5,612 


All of which was for export. 


American grain included by this line for export, 1902, 5,996,617 bushels; 1903, 
7,079,778; 1904, 2,246,593 bushels. 


The Canada Atlantic Transit Company took the initiative in establishing a per- 
manent lake and rail freight line from the head of the Great Lakes to the Canadian 
seaboard. By the inauguration of a regular fleet of steamers, this line has been in a 
position to divert a large export traffic to the port of Montreal thus assisting in the 
development of the policy to improve Canadian routes and divert traffic from United 
States channels. In order to do this they had to go into open market and carry grain 
at going rates, that is 'to say, at the rates that prevailed via Buffalo, build a transfer 
elevator at Coteau Landing and maintain a line of barges between that point ani 
Montreal. As the lake rate of freight was fixed, no doubt, at times they were forced 
to carry grain east of Depot Harbour at an actual loss for the rail haul. 


The Canadian Pacific and Grand Trunk railways at Owen Sound, Midland and 
and other Georgian bay ports have always reserved the right to refuse traffic offering ° 
which would be unprofitable for the rail haul, or when their equipment could be used 
to better advantage in other traffic, hence these latter ports have only been opened 
for export trade when business was offering that could be handled at a profit or when 
there was not sufficient other trafiic in sight to employ their equipment. 


STATISTICS OF THE PORT OF MONTREAL. 


The following are some of the statistics of the Port of Montreal, giving details of 
trade via that port. In this connection it might be well to note the following in the 
review of general trade conditions for the year 1904:—‘ As compared with the United 
States ports the shipping business of the Port of Montreal was fairly satisfactory, but 
it was by no means a large and paying business. or at all approaching what ship- 
owners desire. The scarcity of export grain.and the falling off in the cheese ship- 
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ments contributed to low freight rates and unprofitable business” Further—‘ The 
export of wheat by Montreal during the past season has been the smallest for many 
years and was less than half the quantity exported in 1903. There have been many 
causes for this big decline. The chief cause has been the small crop of wheat grown 
in the United States, the prices in the American markets have, therefore, been muck 
above the export value and for some months no American wheat has been shipped by 
Montreal.’ 

The Ontario crop is not nearly large enough for the home mills and the milling 
of Manitoba wheat in Ontario has increased very much and leaves the quantity for 
export from Manitoba less than we would usually have on a crop of from 50,000,000 
to 55,000,000 bushels (estimated). 

_ The above conditions have since changed somewhat. 


The annual report of the Montreal Board of Trade for 1908 has the following :— 


‘The concluding paragraphs of the ‘ Foreword’ to the report ‘on British and Con- 
tinental ports by the President and, Chief Engineer of the Montreal Harbour Com- 
missioners are as follows :— 


‘Montreal has behind her a canal and river system 14 feet deep, tapping the trade 
of almost a whole continent. Equip in a proper manner her ocean and lake’ terminals 
and no force can divert from the cheapest and shortest trade route the business she 
ought to command. 


‘At the present rate of increase Canada will, during the 20th century, contribute 
to the empire a population exceeding that now occupying the British isles, and if she 
only cultivates one-quarter of her available wheat areas she will produce annually 
800,000,000 bushels of grain. 


‘There are only two methods of handling this new business :— 


(1) By increasing terminal facilities on Canadian soil. 
(2) By allowing business to be taken care of through American ports. 


‘Tt would, therefore, seem to be a national duty to equip Canadian sea terminals 
in keeping with the railway and commercial growth of the country, in order to pre- 
serve the national prestige of handling Canadian business through Canadian sea- 
ports.’ 


‘St Lawrence route and the grain trade.—The popularity of the St. Lawrence 
route among grain exporters was made very evident last season, for, in addition to a 
large regular line traffic, twenty-five steamers took full cargoes of grain for Russia 
and for Mediterranean ports as far east as Greece.’ 


3 
' 


The tonnage visiting the Port of Montreal is increasing annually. During the 
season of 1905 it was the largest in the history of the port up to that time, being 
almost double the figures of 1895 and about half a million in excess of the average of 
the ten previous years, 


Statement of vessels and tonnage at the Port of Montreal for seven years :— 


——— 1902. 1903. 1904. 1¢05. 1¢06. 1907. 1908. 
Seagoing vessels.........-. | WOe 802 786 833 820 740 739 
Tonnage of vessels......--| 1,539,404 1,8°0,¢04| 1,856,697) 1,940,056 1,973,223) 1,924,475 1,958 , 604 
Number of inland vessels... 9,358 15 ,338 10,063 te BET \eccctins beak Gian ee 
Tonnage of vessels......-- 1,875 ,668| 2,415,791] 2,354,975 2,785,551| 3,095,174]... 6-2-2 5 [es eee eee 
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Quantities of flour, wheat, corn and oats shipped from Montreal during a period 
‘of fourteen years:—This includes shipments for the lower St. Lawrence, Newfound- 


land and Trans-Atlantie ports. 


ee Flour. 
a Cope eeeere edn Sateen e Taa Me MS eae nites RR Rote RTE Cs Sebares 1,646,768 
ES OG Sirsa tanene re teg ke ee ace ia oe ce ree ORS ee aa in Pe one 1,639,316 
ESQ Thor ees e st ehoh see DE TUE CINE See eee ee 1,397,103 
PSO Sire teat rete tony Rat IN ant eee Hak POC RII a Tere chica ea 1,699,145 
LSOQ Re ares ee eae ea ee eee ee Tae ae 1,803,152 
bE eat BAO ase aRAR CE Send AURA MA ei, one as oh Ren RRM Unibet 1,260,441 
VICOY 0 We Legh 3S enone erat td aA nee dyie Nt ol yan! Peet CUT SEEING OD 1,500,399 
191 8 cee ek clot ee hc ane Dean MT ONL uO eY deh hemp 1,647 , 245 
a HOY Dike ae aercrinic’s 2 foc, bd Cen oe ORR R AT atte Unter: Aichcamaar tate Baill ot fel 2,174,607 
TET Ay RERRRR USES he cals Faria SOT. ver SN To rN 1,897,887 
D810 a ere tn aly Wacnan aa as aa ioe, ph et UPR SeeyU ure shat Sta fia Dh ieee Us fad 755,439 
a ICO Yo epee ah i CANN SRN TO Oop, SHC 7) Mea CC NANO So DERG up 1,727,826 
1 GO 7x Fie eRe Ese erates eae Te Or tna SL. Sen abate 1,738,411 
OOS RECA Is ere Le bot te dca dene os BS ee ROBINS Dk Lang ten th LB iovono 


Wheat. 


10,596,361 
13}626/071 
17,394,886 
16,055,004 
7,514/616 
9,954’ 348 
14, 298/251 
20,975,373 
27/441'248 


Corn. 


2,613,638 
6,785,104 
9,924,364 
19,252,825 
13,276,350 
11,180,235 


317,491 


3,063,211 
4,133,032 
411,753 


a aa SA Sn ee SO ct 
Exports of wheat, corn and oats from the Port of Montreal for thre years, 


distinguishing between home and foreign produce. 


1906. 

ProducerOis@ ana dae acces oh eran Seno a ees eee 
POPeI Pe DEOUUCE He ierlt chitLy At Kn Line Pipers Bk. Eee aml ae ere Ltn fete beet 
1907. 

Prodtcero., Cama can. 00 oo hha iy Wie 2 ee Te OR SE ee ic eld ne 
PB OPTCLZA DLOUUCE., \ cians wa ccs shies ete se wee Wee a AR een Tn wea 
1908. 

Produceror Canada..o oss eee ob eee said su Late eee ee 
POPeigh BT Od COs ans s+» hate susan Mae an LLG Oe ee eee 


Wheat. 


12,893, 431 
9497155 


13,347,742 
4,774,267 


19,553,152 
10,808, 195 


‘Corn. 


Nil, 
4,521,599 


28 
4,745,042 


17,480 
430,829 


Oats. 


3,035,679 
663 ,820 


3,900,648 


401,267 
109, 130 


— ee ee 


The value of goods imported and exported into and from Canada via the St. 
Lawrence river, also the value of goods transhipped at Montreal for foreign coun- 


tries both inwards and outwards for five years was as follows:— 
ee 
eee 


Fiscau YEAR, 
*1904. 1605. 1906. +1907. $1908. 
$ $ $ $ $ 
Total imports from sea via St. Lawrence.| 41,639,483 40,789,8S0) 42,599,039] 32,953,704 2 0c 

Total exports for sea via St. Lawrence...! 74,1¢8,438 66,358,205] 86,857,711 66,046,556 O5 626 'Si0 

Total merchandise received at Montreal : ; ; 
for transhipment for foreign ports... 15,224,361, 14,095,449] 22,114,464 15,233,092} 18,955,468 
Potalntrade 2c ..ccentornains 131,062,282 121,243,544 151,571,214} 114,233,352] 179,114,474 


a Se ee eee 


~ PN on the highest up to that time since 1886.) t+ Nine months ending March 31. t Ending 
are a 


For the purposes of comparison the following statement of the value of mer- 
chandise imported into and exported from Canada through the United States from 
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and to foreign countries in accordance with Trade and Navigation returns is 


given. ‘ 
Oe 1 ela 2 a as ees ee a a 
Value of Value of 
merchandise merchandise 
imported from exported to 
foreign foreign 
SS countries countries 
through the through the 
United States. | United States. 
$ $ 
Buca tla ay Math op enn a eae A aay ot ee ree se AS 24,642,877 33 ,446, 327 
PEON re ATE Coa a aa a 25,936,120 40,787 ,S02 
Nine months ending March 31, LO0T ican dee ee ee gt meet he aie bene 22,056, 142 34,069, 739 
Fiscal year ending March 31, 1908.....-- ++. +++ eee ce teeter treet 27,431,412 39,610, 766 


Tt will be thus seen that Canadian imports and exports through the United 


States amounted to $58,089,204 in 1905; in 1906, $66,724,022 


and in 1908, $67,042,178. 
The largest percentage of this trade 
States Atlantic ports. 


: in 1907, 


$56,125,881, 


was undoubtedly through eastern United 
During the same period the trade of the United States and 


other foreign countries of a similar nature to and from sea via the St. Lawrence, 


as already shown, amounted to $14,095,449 in 
in 1907, and $18,955,468 in 1908. 

The customs returns of the Port of Montreal 
total of exports and imports of Canada are entered at that 


port. 


1905; $22,114,464 in 1906; $15,233,092 


show that about Retired of the 


STATISTICS OF THE PRINCIPAL GRAIN CROPS OF THE NORTHWESTERN STATES, MANITOBA AND 
THE NORTHWEST PROVINCES TRIBUTARY TO THE GREAT LAKES. 


The following are the statistics for 1905 of the principal grain crops of the 
Northwestern States, Manitoba and the Northwest Provinces tributary to the Great 


Lakes. 
Se 
State, Corn. Wheat. Oats, 
ye reer ae ae Naas Vedat ANS 2s ae 
Bush. Bush. Bush. 
Tate gts es PRE Eat a ISLA eo 0S 382,752,063 | 29,951,584 | 132,779,762 
Ree TNS icc a lee Canine adc smart ee hm aa nase Oe eg 55,407 , 849 7,893,381 £8,579 (88 
ERLE OM gt Re OR Soe ie es ee a a 49'997,455 | 72,434,234 | 80,669,700 
Be et ee rn ok UR in Se ela CaP aaite te ts - 305'112'376 | ~13,683,003 | 131,115,180. 
ie EPO i ngtited  yl gE EG oerS. AEM r U COC R e 193 , 275 ,836 77,001,104 23 , 248 , 223 
SEG ORD Nig IE Eve nn ene es: 263.551.772 | 48,002,603 | 58,474,370 
raid VARGUAc rns: Fic wee ane o rsp tai al eo whes nid. i zhnie kr PAL 51,614,739 44,133,481 28,103 ,517 
FAs wc ate Chana tee eae Seay ws Se Ae 2'458,638 | 75,623,014 | 46,194,381 
hte i DE i ERO SE SERRE Di A A EE EE 
The principal grain crops for 1907 were :— 
eh ying eee ee 
State. Corn. Wheat. Oats. 
EE ee aa a 
Bush. Bush. Bush. 
ST ree ae se keene ee ha ee 342,756,000 40,104,000 |. 101,675,000, 
SAAR CAE a ECL gahl. - Uniaas seek Reratiene 46,688,000 | 2,955,000 51,700, 000 
Bees CEN eae re th ako Prete aes a wee pee 43,605,000 | - 67,600,000 61,985,000: 
Bray ate ee RR pr ke acct ewe Dn Sn 270,220,000 7,653,000 | 108,900,000 
Tete ia a wineries Soar te 8 Shorted mor te Nees ae ae 155,142,000 65,609 , 000 ' 16,380,000 
REO ae ee ui bac ied etme eager nc 179 328/000 45 911,000 51,490,000 
En cpa. pee ie ae brea 02 LET A Sars dere ats ee 47,175,000 32,480,000 32,728,000 
North Dakota......--- esi ate OR ROE Re ET ee A . 8,080,000 55,130,000 32,340,000. 


ee ee amen 


SS Ee 
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The crop of the Canadian Northwest for 1903-4-5-6-7 was as follows:— 


——— | Wheat. Oats. Barley. 
Manitoba...... lle ar Sepstiee cnavgembess, mules ststoas ie mie nan Aceon 1903. . 40,116,878 33 , 035 , 774 S,LOdszoe 
1604. . 39,162,458 36,289 ,979 11,177,970 
1905. . 55,761,416 45 ,484, 425 14,064,175 
1606. . 61,250,413 50,692,977 pOSo ODS 
1S07.. 39 , 688 , 266 42,140,745 16,752,724 
MOrtiwested erritOries. 5 fo. vol ae oes teen te GOS ee 16,029, 149 14,179,705 1,842,824 
1904. . 16,875,537 16,332,500 2,205 , 434 
Saskatchewan............ Se Cea Pate dens Mo smuke ear ante 1905. . 26,107,286 19,213,055 893 ,396 
Aleta Meee eA ah ie ga Dae, Mem he on oa op ae 1905. . 2,306,542 9,514,180 1,773,914 
Saskatchewan...... BAN api Coe oS n RMA RA DTA AR Le Se a DEE 1S06. . 37,040, 0S8 23 , 965,528 1,316,415 
DA IUERES: uk Oa Sea es teSal abe acelin ae tn oA eke A Ney 1906. . 3,966,020 13,136,913 ZOO ood 
Saskatohewensnse wees coke eee TOA. oh) ferent 1407. . 27,691,601 23,324,603 1,350,265 
RATOOE CG Rh Crh whet Purcetuarw. Sek Rene ned Vee she ent eee 190 fer 4,194,535 ~9, 247,914 1,082,460 


GRAIN TRAFFIC AMERICAN UPPER LAKE PORTS. 


For statistics of Northwest crops see preceding paragraphs. 

Throughout the past fifty years the Great Lakes have given the central West of 
the United States the opportunity to trade with the eastern part of that country 
because the Great Lakes occupy a midway position. 

The .principal ports on the Upper Lakes at which wheat, corn and oats are 
accumulated for shipment by the lake lines are Duluth, Superior, Green Bay, Mani- 
towoc, Milwaukee and Chicago. 

_ The points on the Lower Lakes to which shipments are made are Detroit, T oledo, 
Cleveland, Fairport, Erie, Buffalo, Oswego and Ogdensburg. 


RECEIPTS OF GRAIN AT ABOVE PORTS. 


1885—255,000,000 bushels. 

1898—370,000,000 bushels, greatest ever received. 

1903—269,000,000 bushels. 

Vessel movements on the Great Lakes and domestic trade, during the fiscal year 
ending June, 1903, exceeded 75,000,000 tons net registry. The coastwise trade for the 
United Kingdom, Isle of Man, Channel Islands in 1903, was 58,369,517 tons. The 
coasting trade of Germany for 1902 is reported as 4,481,988 net registry, and the 
coastwise entrances of France for 1902 were 7,088,902 net tons. The grand total of 
these three nations would be approximately 70,000,000 tons, showing that the coast- 
wise tonnage on the Great Lakes is even larger than that of these three nations com- 
bined. 


COMPARATIVE SIZE OF VESSELS COASTWISE TRADE. 


Great Lakes, 81,706 vessels, average tonnage 920 tons. 

United Kingdom, 291,361 vessels, average tonnage 197 tons. 

France, 81,027 vessels, average tonnage 87 tons. 

The summary in the report of Internal Commerce of the United States for the 
year 1907 says:—‘ The vessel movement (U.S.) on the Great Lakes aggregated 73,769 
vessels of 99,166,409 net tons register, compared with 76,097 vessels of 94,094,316 
net tons register cleared during the preceding season. 

The total traffic movement for the season aggregated 83,498,171 net tons compared 
with 75,609,648 net tons and 67,345,620 net tons shipped during the 1906 and 1905 
seasons. ‘The increase of eight million tons as compared with 1906 is due mainly to 
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the larger ore and coal movement, although the movement of grain and miscellaneous 
merchandise also show larger figures than a year ago. 

The iron ore shipments by lake for the year, exclusive of about 275,000 gross tons 
exported to Canada, were 40,727,972 gross tons, The largest shipping ports in the 
order of their importance were Duluth, Two Harbours, Superior, West Superior, 
Escanaba, Ashland, Marquette and Presque Isle. 

The greater part of the ore was received at the Lake Erie ports of Ashtabula, 
Cleveland, Conneaut, Buffalo and North Tonawanda, Lorain, Fairport, Erie, Toledo, 
Tfuron and Sandusky. Some is credited to Giiceeo: Indiana Harbour, Milwaukee 
and Detroit. 

The eastward grain movement for the season included $2,349,585 bushels of 
wheat compared with 47,726,778 bushels shipped during the 1903 season, the main 
shipping ports in the order of their importance being Duluth, Superior and Chicago, 
which are credited in the aggregate with over 93 per cent of the total wheat ship- 
ments by lake. The corn shipments, 44,855,990 bushels, about 91 per cent of which 
shipments for the season originated in Chicago, were somewhat larger than the 
1906 shipments of 43,531,540 bushels. The shipments of oats, 20,680,188 bushels, 
mainly from Manitowoc, Milwaukee and Chicago, were 38 per cent below the 1906 
total, while the barley shipments, 13,564,074 bushels, mainly from Superior and Mil- 
waukee, show a 26 per cent decrease as compared with the 1906 figures. The impor- 
tance of Buffalo as a receiving port for grains shipped from the upper lakes is seen 
from the fact that 87 per cent of all the wheat, 64 per cent of all te corn, 52 per 
cent of all the oats and 83 per cent of all the barley received by lake is credited to 
that port. 

The flour Scene from Duluth, Superior, Chicago and Milwaukee mainly 
1,314,987 net tons (of ten barrels each) were slightly below the shipments reported 
for the preceding season, and were directed chiefly to Buffalo, and to a smaller 
extent to other Lake Erie ports. 

The lumber shipments for the season, 1,380,284 M. feet show a considerable 
decrease compared with the total of the preceding year, 1,807,570 M. feet. 

The west bound traffic was made up largely of soft coal shipments from Lake 
Erie ports to the upper lake ports, the principal shipping ports in the order of their 
importance being: Toledo, Cleveland, Ashtabula, Lorain and Huron, the aggregate 
shipments from these five ports constituting over 19 per cent of the total shipments, 
15,428,309 net tons. The hard coal shipments for the year, 4,079,177 net tons pro- 
ceeded mainly from Buffala, though considerable shipments of this article are alco 
credited to Erie and Oswego. The destination of these shipments were largely the 
head. of the lakes, Chicago and Milwaukee.’ 


Iron ore trade.—The largest item in lake traffic is iron ore, which is delivered 
along a line of 1,000 miles, dotted with manufacturing towns. This has cheapened 
iron and steel below the cost in any other part of the world. The development of 
this industry accounts for 80 per cent of the Great Lakes trade, (see diagram, page 
400), has necessitated alone, the enlargement of harbours, channels and docks and the 
creation of ship yards. 

The United States Deep Waterways Commission, 1901, stated: ‘The amount 
expended in deepening and widening channels is about $12,000,000, and marine his- 
tory contains no parallel to the rapid development which has been made possible 
by this assistance.’ 


The following are the statistics of the principal lake ports:— 
Buffalo—tThe total amount expended by the United States on the improvement 


of Buffalo harbour to June 30, 1907, was $5,129,013.70. The maximum draft that 
could be carried June 30, 1907, at mean level over the shoalest part was twenty feet. 
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The new breakwater has given the city a magnificent outer harbour, and one 
result has been an expenditure of upwards of $50,000,000 in two steel plants. 
The grain trade has for years been the important factor in the growth and develop- 
ment of Buffalo. The growth of freight receipts and shipments, without a corres- 
ponding increase in railway facilities, caused serious congestion in 1905. The lines 
east were unable to forward their freight, and as a result vessels sailed from New 
York without cargo. Every effort is being made towards further improvement of 


this harbour. 
WHEAT RECEIPTS AT BUFFALO, 1904. 


From Bushels. Tons, 

fe 4 ake 
CECA Orcs ios ras oi Bis a ONE Se whe suid ek ee 5,324, 265 160,000 
Daluth arid? Superior sys 60s. coors Ga cee elem se e's Gals pees NF aip erie eck See eet tcl obs ene 15,182,215 _ 460,000 
AS hl eee nil ed sca aaa Nias Ruiner Onan Wy MRE Me SER Crea cit SEERA Ata A IR Om Gb NeIa at. Och on ctin Gis orn 303 , 000 9! , 200 
GCOS A Ve re ee eee ena bie dso cea aes eal age aoe naan eee ioe iavewe, ailenclte ne Pee Reurclereneeeite a eam oaegetes 22,000 700 
BP Al bU109 bois WaLecae ORR Ne te a oes eeleaisTes aul Aen ca Cort Rena ded Ra pieed yh Re Casi CaSingh Sunre tao) a Eytchia <t dh c 223 ,000 6,700 
FUP EG TS ah see te tee cca be eet tracy cM Sh ROR Metia ata an en ota ge eee ito gs Gian Degas, State 247 ,500 7.500 
T GSAT eee eS ee Sie. Shistess SB cate aL deeeee eal Lahiavche ine mk Date sah eM ga eetewe aie Gaited . 488 ,000 14,800 
day APA GU) pes 00 Reker CRANE Cr a PRAT, scp bia pn SIAUNGnrC ISuAIS Gen Seapine HeMyOle: ce cclorieneis enc 3,979,909 120,600 
hae aoc itt ae her Ge eae Se eee NT eR rear Pee ACER a ere Paras C mA me Cee in Cae PAG ERiy ae 500,111 15,100 

PTO Galicia settee ches 3 ee ea a aoe. SOS Se Wet tee, shoircr eke TOs Rta ote. keane ease 26, 270,000 794,600 


Besides this 75 million bushels of other grain and 1 million barrels of flour 
arrived. 

It will be noted that Fort aeuleiee and Port Arthur contributed 4,480,000 
bushels. Duluth and Superior probably shipped some Canadian grain brought there 
by United States lines from the Canadian northwest. 

Buffalo has twenty-eight elevators, with a total storage capacity of 24,190,000 
bushels. The transfer capacity of these elevators for each twenty-four hours would 
probably aggregate 5,500,000 bushels; that is to say, there are facilities for receiving 
from lake vessels and railroads and transferring to canal boats and cars daily the 
quantity named. 

In 1905, Buffalo handled 10,201,100 barrels of flour and 126,465,729 bushels of grain, 
of the latter 40,436,616 bushels was wheat. Of this Fort William and Port Arthur 
contributed 11,778,788 bushels. The figures of 1904 are below the average due to the 
strike of the Masters and Pilots Association. 

In 1907, Buffalo received 9,759,676 barrels of flour and 132,438,798 bushels of 
of which 66,658,138 bushels was wheat Of this Fort William and Port Arthur con- 
tributed 12,643,395 bushels. 

Buffalo reports arrivals and Alodernres of vessels for the seasons of navigation, 


1905 and 1907. 


Number 
a of Tonnage. 
Vessels, 
Arrivals, 

1905— Vessels i in coastwise trade entered Bio eel ee) & ica Sie" 0: ene, ice efaedatae iets wr almireuie) sc mite ey te te aieirae” wie tar 3 ’ 103 5 ,086, 374 
American vessels entered from foreign ports.............-.-.-+-- URN ain ier ieee Parad 842 465 ,031 
Foreign. vessels entered from foreign ports........ EAR Fa ON IPhone ONO, co ea Pn fe 142 ak 

1907—Vessels i in coastwise TTAUE EN COTO soerc ae tae ecels we seiko Sesh phase ea ere cteite sn echabetees 3 , 075 6 ’ 687 ,941 
American vessels entered from foreign FOOTE AANA tua es SH chicas. Or aycetna oie, cle 3 Bee 934 518 ,833 
Foreign vessels entered from foreign ports......-.-.-.-+++++-+-- Re He cee aus 150 81,056 

Departures, 

1905— Vessels i TT) CORSEWISE -CEAUCG OM EOECC ieee <soia e's Feel adept eae simian eus) chorion tr teased 3, 180 5 ,708 ‘ 296 : 
American vessels cleared for foreign ports.......--- 00020 eee eee cece eee eeee ae 847 423 ,557 
Foreign vessels cleared. ..-..--- 0-0 ees seer e ee eee eee tenet eee eee 134 14,775 

1907— Vessels:in coastwise trade cleared.:.-.=.:-.20c5-- eee cece vie meine sisyeises «5 > SOL IeG, 921! 190 

_ American vessels cleared: for forelon! POLts, te oo tore rete s eliaoacbetet aie se eet ede 873 "413. 687 


Fordign vessels:Gleared 66 cs-s5 = Sc5 nie 5 Wale ce 4.6 om einen intel ware = wiletblie bk witemie ieee 130 36, 535 
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Tt will be noted that foreign arrivals from foreign ports equalled only about 14 
per cent and departures for foreign ports a little over 13 per cent of the total in 1905. 

The principal receipts by lake and river were wheat, corn, flour, oats, iron ore, 
lumber, copper, pig. iron, glucose, lard and pork. The shipments by lake were prin- 
cipally coal, sugar, salt and cement and aggregated 4,318,281 tons in 1905, and 
4,888,142 tons in 1907. 


Duluth —The combined elevator capacity of Duluth and Superior is 46,775,000 
bushels. 


WHEAT RECEIPTS AT DULUTH. 


Re cur es Bushels. 
LCS) DMM re fost RE eons ofc ats Sas aite oosis We fates csersyeeasoylecer atte le or aad ou sphere iy > euersh Saeaa 2, Saareaay 42 ,406,§00 
RN TN HP NT aOR To seiner sce tccd Te coe ee ie SaaS oh 8) RUN ND! apne a acta fb eUdL a: wa ave ve torah ipl ayare ved 26 ,635 , 200 
AG) ee eee Te eee Ste MT reg ATES, cos naeNE Eat ateir ade ai chRamelae Haha wis Gran aoneiat Sy stanatiiensi4e wise eV aetna 31,186,700 
Ce a eee en er En Rye AEE, atepats olsen tele piasuiz lemme an Sree olidis fy oket Sets waerts 41,558,151 
NOU ene ees Ramin ere emer MT Sahelnih sent het tails iene oye Rus Satis Cech meen Ea biawtney Lee 55,299,825 


WHEAT SHIPMENTS FROM DULUTH. 


SS Bushels. 
HA Er oO ars ge ed ota phar aoc ase GARGS cals) arses we ag) ld Canteen Ot ms WIS Ie we elects we umeh wast oat > 44,116,600 
Sus Re EIR Sots Ay eek MIP ney on gt Metta aae 2s SeMRn ES ies yD bly dial 21,400, 100 
SERS oe RS Ee er a Me aA ar Og TANS Arges actin 28; 126,600 
Lr a ce ee eC ne ine (Mike USN Sarendine lar nee Se ea a cept Mica yaad 39,152,541 
TOOT arrestee aera oped ue ale oe 15 eS eee Bee, ELC be eter de BY Soe mee rey EMER ICR sean DANE mgr Ca TA, BORING Fe Dee ia Bei 49 , 207 ,734 


WHEAT SHIPMENTS FROM WEST SUPERIOR. 


eg eee 


ee Bushels. 

1 GOOD Meee Hae S rocz sks areata, otic a atetons aatenn head FO oAbR Nae kN ERA ak ie DEORE SEER EO | 23 , 889 , 200 
VN Bs ag lie t Wc! ES OE AE PRR see eet Se SRP ene Been tO 12,171,100 
He ee ee tre rine ime SER ener’ yin terals ute tile eis. « WOR Rivets maneret neo attun Warder ter 12,580,000 
Ee ee) oo Se rr Se Pel sy Gime sie 5 tee MU ee GeBeR A. ee he wia atre 19,518,332 
MON fe Mot cis tale ke ik Ronde le Ge TONE eit nas = ia 9h Sma die Ghee Seles ert Raa ag Price PaO Set 21,165,783 


Shipments of grain and flax seed from Duluth aggregated 58 million bushels in 
1905, and there was stored over that winter nearly 12,000,000 bushels, in 1906, 83,623,243 
bushels and in 1907, 81,525,509 bushels. 


PRODUCTION OF FLOUR AT DULUTH. 


SS Barrels. 
WORF eg, aoa 5 Witty WSs tA ttns, skis eck onsnenedn, > Sahedge ARENA eG BD Cus as! 5. eines Bae oka = oh adahe 2 eyes 1,763,900 
TENDS DY sce ys vies cc as Set ty SRE Os eR SA ere OR om Mg che cane eos 0 c0cr ns bon: OO; pi oan yh eum Oude e totrar ae me seat 345 , 460 
ANE y Sie ae aa ahs > nik Beh tice ous ia a, Piece nn BON we cen eS, eA Na nae lat oh ss Bae WARS SIRE Bin, gredbyee 860,600 
ENN rr nh orig tard in ok alk ek wo Gp Rein agen Oe Ro svenkes e 8 'h  8 g O Site Wn tp Des 1,809,600 
Ecard aire ens atau SCM URN HON RT aneme ae peor eh at ee a ahs i'n OR DON eo oe % tale 1,178,700 
OE Gen ne te ar es Pee iis, eas nS Sie) See lare | eae eal nina 6 Svea Nim wens Poye a aus 3S Sal 8 ‘ohn Bie aerate ine 835,700 
TOYO aS. MARS elas kh ho GHB b'cirOre moe Sd aD Ie ee Oka CIC OP NO ao once cars SiG woo". © Dee raceenc as ha tra OK Ce iG nmcnGy SCR 793,100 
A ea eS Cone es chim, Shem are’ A 9h nh Grice cp Wik OMe ReRaN A Rae ie SdeTs "swe aly Sitwak meRk Rian al Rie. Se 908 ,175 


TPT ee sec aM GH cn a 9 a a Re cea Beer 2 ee Actas Le es 715,280 
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Chicago.—The shipments of flour and grain from Chicago, through Canadian 
ports for the year 1905, were as follows :— 


Port Flour. Corn. Wheat. Oats. Barley. 

Depowblarbounter meer cesta eee ens aceon 32,777| 3,710,087 108,000; 1,893,800 46,000 - 
Ty rosa heheh Wes eapat eer aol Samet yan ent cme y Ruane i Nrn (ey aueieeian (Fe Pll oecscarn es rF 2,830,474 48 ,000 84 ,327 49,913. 
OVE Lets Ch ne ie Sane sciatic Sienna Means se iseey Le7Ol, 750 cane) eee ASS S37|inaae eee 
COMER Er WOOO Teneo isl IIE ale sent ee ars Sa te eeepc cee A ae eG ea So 1 3003-71G) werneta ee: LOL SSO mato ee 
FIN SCOR ee eset so oun hws ances: AM ete Pay ead ccs ake, Lame Seok AVA eal aerate Oe 326 ,425 80,000 
SATU LE rs ee cL Par oa Raa co mee aaacatiotss, sucneirey a atl adies a Strats n| PARE OTERS he teemecn | CHS Ae mee tees C207 460 pear a toner 
(Povo thers Canadian: ports take: ore eee drones oats eae 639,311) 25. can 2-367, 0541 che see 


In transit shipments by lake from Chicago to Canadian ports, thence by rail to 
New England points (carried in United States bottoms only) flour, 1,650 tons; wheat, 
108,000 bushels; corn, 6,780,047 bushels; oats, 4,415,210 bushels, rye, 60,000; bare 
46,000; millstuffs, 18,897 tons; oil-cake, 170 tons; unclassified, 369 tons. 

In transit shipments for 1907 were flour, 18,080 barrels; wheat, 929,401 bushels ; 
corn, 5,938,062 bushels; oats, 649,652 bushels; millstuffs, 21,725 tons; oil-cake, 203 
tons; malt, 78 bushels; corn and oatmeal, 328 bushels; oil, 120 barrels; merchandise 
unclassified, 128 tons. 

There were 1,048,200 bushels of wheat and 5,432,505 bushels of oats exported 
by lake in 1907, a part of which, no doubt, went by Canadian routes, 


The monthly report of Internal Commerce, United States, in dealing with the 
lake in transit movement of merchandise, 1906-7, says: ‘The table presenting the 
annual figures of the movement of freight in bond destined to or shipped from 
domestic ports on the Great Lakes, but passing through Canadian territory in order 
to reach its destination shows the shipments to be considerably in excess of the 
receipts. This is due largely to the fact that. eastbound bonded grain shipments 
from Chicago are relatively heavy. The tonnage enters Canada at points on Geor- 
.gian Bay, is transferred to the Grand Trunk railway, and again enters the United 
States at northern New York and Vermont points. 

There were received at the United States lake ports from these sources, 50,828 
net tons of freight in 1907, as against 47,885 net tons in 1906. Shipments from 
these ports through Canadian territory amounted to 234,839 net tons-in 1907 as 
compared with 299,483 net tons in 1906. 

The receipts required 151 entrances of vessels, the total registered tonnage of 
which was 291,872 net tons, while the shipments were made in 312 vessels of 466,401 
net tons. During 1906 there arrived in this trade 177 vessels of 306,117 net regis- 
tered tons and 490 vessels cleared, having a registered tonnage of 641,093 net tons. 

While the figures of the lake-in-transit movement are included in those found 
in the tables representing the domestic commerce on the Great Lakes, they are believed 
to contain enough individual significance to deserve a separate tabulation.” 


From this it will be seen that almost the entire tonnage from the District of 
Chicago to Canadian lake ports, whether for export via the Port of Montreal, or for 
New England, was carried in United States bottoms. Outside Depot Harbour, King- 
ston and Montreal the bulk of the traffic via the other ports was for New England 
points, therefore, did not add to the export trade via the Canadian seaboard. 
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The tonnage of the District of Chicago for 1905 and 1907 was as follows :— 
Number 
wn of Tonnage, 
Vessels, 
Arrivals, 
LOO5 = COASLWiscatradoneeee ounions icy aA atl ta mebiaal a cat chele (ova wen oh ane a cen huititegs fone rens wake avons j 7,062 | 7,160,000 
POLE MEEEA COMIN Dot Mocuena nee oe Sod a eae oe eh en eret wal ltoota, a Gua metus patsy Glove eas Rit ac ees oh Mle 144 174,066 
TOO Za OO ASE AUSCRET AIG © et crmene aie Large faved Sesiaee cil ous ew Pi cel Slave lars ke tails Rosen chwte tn Hebe eee loka ns 6,267 | 7,649,362 
BOVEl OM plEAUe RI tere cer C RUMI Cee pe ei ae ssce ote hin ees ee eae pms ee yee ait mceta ila 174,133 
Clearances. 
AGO5 = OOAStWISORT ACCT eee ie ety te terre os cee te arrc oles itad CPLR UE Bak TNE Ree ayaa 7,007 | 7,056,886 
LORETO TIMER Gen Leo eto Me A TIA Zoe aisha tke ofa ayc kes lal Adee kok. ojala cen areien De ollelisaueus habaitsyiere ieee we 261 316,077 
LOGO fe WOAS tN ASERERAC OTN. 3 OCI AN Aon oa OES ERE suse AaRo vs ja are cal abecd, spleen an desusuauaene se rereae sabe 6.182. bloeoUs 
| Myorney hagas Ve adeks (ois Phere Rel «ots Me oe! oc sieeve, ale eS Ge een ae Societe Baye et aD APRA ERE A Eo 256 S12 230, 


Receipt of flour and grain at principal lake ports during the last eight years: 


Bushels. 
fe ® 
UC ODS OU ees Senay. cena aie em ORO oD Geet cl onto bo ENG os RSL CS SON RIED ICR ett oA cng Seale gPRCN ON Fm NAN rN 349 , 637 ,2¢5 
IY INL BS STUNT ELM os 3, Sh crag ete ce eaheg MME ah cane cas gh pee ae eet ren PAL Pearse met Nong ns Uh eer 54,602,642 
LB SUPRUCA IV pepe k. cod solty Bite Ors Mpa oataetine Demet cta Rot Rees Ue etc t e APO OL ar Aah Za a Met ame ny Naan araen tbe Sonido ar re 61,060,435 
IGS CIN ee rare &: 55 Seg Bake 0B Gaen talon ae Oke ema a Connihe acon oan ME teach eee ie teataons Cae ee UN RUA anata oe 291,252,536 
WYOTIN EMDUEYS ors, bealenn 215 PO Oyand ts CUGe Nek aehvcrndy Re Nie ene CRORLAR one REN aE te OR eA fei airs HEE har ev oar eon Penn rane 51,847,150 
TEES 2g 2 SPER? CR PU een en kat a RR Rie RC OPES 78'751,746 
HC OD Olarcale Creed eaey rete reels iea pices eke PLU: iss ch Aleiiay ort spec, yaaa eee ches auatsigariea Tae) op oe Gstaad shee eo nae bore 218,815,806 
WET RST, 325 Sab BA cS es, i Aig NO Da le ten 9 Antes DER Leah a Ue RNY OBR Ee he Rue Pen RI eA ee DEN 49 462,477 
DOIG a ee ee ree rc aie tEN yas omeranit sh ci may Mane tegen) Maat Sete ians tac Gv etetens hiedeit 81,062,758 
COS 2 CHCA OREN cae ns mee ilies Ciel ewe ttt sey NE RNA IIE SR ali ik rae omsure aay ai aly at oa Semnlal Lp fale ae 275 ,468,1¢5 
TWA Keres ere TR a ee LOAN ees Ber tauch eee UME Rie DIL ICTEN 2 (RUMI IAME DIL Sou ep wines A Peet bak Aa ts 53 ,054, 282 
DAN ae ae oe ah nt ee ee RM ER Bact Cnn Nae a Elance das wr atehawn Scaisie Ae ating pantie Wielaik wigbaresn sale) uals By 62,619,477 
LS Os NOMTC DOO re tasi a pel eatcte Nie ieee EEE att clre iets Toca: ates rsh shntaay tnayT as learners, aliens ot aita pian Mtessenel tate atte ScRetiae RY ore 265,456,477 
Milwatikee. ys crsce hee weer gent Se einer erect ci steht ce cine) fap een as dn tae USP a Caa aoe 47,765,282 
TDD) RUN See Say 0 eeNcBias Si lesa ey eae nN cr chun neu oer ear ent eae RNY oars eee nie Sarco cies PR nsdn epee 59,140,289 
NGOS OMT CAS ORES Tom Le RO ete ee 5 WER ETE SERA ode a ds Mc eh MAL Sb S saed seaplane yakeheep emai ate 2:6,428,100 
IVER ie UK Ges arctic ante cre ine ia tears ed eA more tan dar Seles muehete &) asthe Ateads cv Sb iche , «tecaavepeenonatetoneta vate 49 ,073 ,935 
JOVI Mas Rees ecg cieecrttcl stereos tanh at aca tee hm kirsten A tetcurial 2 eaetea at Meman Lateay cue Mey inn NA UEN oN aiey Aes Seneca 70,811,351 
US OG = AO hv cao ernie ae ate or tea steers Fe fateh vies a val naomreaigar a ceaestduei PP al tata aotiai Benen oteaa el bialieohatere a oleene ee 280 , 832,206 
IVT Wy tk Ce eee mec tar stoves rane bess YSIS Sate ntsc cate Pepe ele he icone cciel bile Gceflciissy SEE Nae des tobtonsy Oke, os eae on 56,774,956 
PLU hed oa PERE Soap ER ARN SURRRE R TA BORER is o8 SGM SMe aoe Ie 85,430,558 
UG O(a ODL Ga oO me perag erent Pee oc Fateh cn ec Cee fra ta Br Bec suteda eae tce feel Rea pete as: Sains (SNe eee Matawell af eiesle Roane ngeess 307 , 246,141 
IVER ven Kee fe cone ete vino ne ckor ten iatie PA Ga vocetioncuaterin tecracer avecol /urimiattariefzi Gites elie cite lone Me oltal Gaebaliohs ta volae aedsy PhS sand 59,825,817 
NOU idee SRN Ac c5 ela soci ig eee haan aca Bi MN LR AE Roc ee By ae ee i oe A AS ACh 84,549,599 


The total receipts at the following principal lake and river ports, namely—St. 
Louis, Peoria, Chicago, Milwaukee, Duluth, Detroit, Toledo, Minneapolis, Omaha and 
Kansas City were 1906, 818,590,308 bushels, and 1907, 860,098,015 bushels. 


COMMERCE OF CANALS AT SAULT STE. MARIE. 


In 1870 the average tonnage of vessels on the lakes was 175 tons; in 1877, 440 
tons; in 1880, a thousand ton vessel was a rarity. Lake vessels are now built to carry 
5,000 tons on a 16-foot draft, and 7,000 to 10,000 tons on a 20-foot draft. In 1905 
there were 10 steamers of 10,000 net tons; 7 over 11,000 net tons, and 3 over 12,000 
net tons engaged in the carrying of trade through the canals. The steamer E. H. 
Gary carried a cargo of 12,368 net tons. The maximum traffic for a single day was 
300,752 freight tons on 148 vessels, having an aggregate registered tonnage of 233,429 
tons. 

It was the development of iron mines which furnished the trade for the large 
steamships, also the material for constructing them, while the use of the larger and 
better ships have lowered freight rates and still further developed the iron industry. 
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With the carriage of ore downwards towards Pennsylvania came a movement of 
coal up the lakes. Ore and coal is a highly specialized traffic and constitutes 80 per 
cent of the whole lake business (see diagram, page 400.) 

The canals have aided the wheat production in the country west of Lake Superior. 
Their influence can also be traced in the development of the lumber traffic. During 
1906 the principal freights passing the canals were :— 


U.S. Canadian ; 
; Total. 
Canals. Canal. 
astbound, 
Wihedtinc mcr ttnelte mieticscks UN Messi eawdin WaNetace edanie gle cere mee Setels Bush.| 49,977,831] 34,293,527! 84,271,358 
ETL CE CRITI ae cose oo ete ores eli fe se Soe clinge ie erase Gace eet tg ectegein eet ees < 37,661,898} 16,674,508) 54,336,406 
PEE, Spe OAT IRY Cis 0 Ie te Ad oe beta eae Cece mae On aS aay Bris. 4,091,300; 2,393,454; 6,484,754 
DOr OT Gl ore rete «eee ua Se aa rcale eo tier eis BANC or ate reacboeevlens Bader vement rs ares Tons. | 32,453,645 2,903,397; 35,357,042 
Westbound. 
CORT (DACA) ree ene ee Ie eI a cr omen rn ne fae Tons, 872,383 138,992} 1,011,375 
Coplitsole let oe eee eocee ei cme a MULE nae eee: “ 6,634'006|  1,094/249| 7,728,255 
AFF I aes aang ae LO cep CRN REREAD ADRES OBIE rem eRe RA at hes Bytom cn vei * 371,680 6,482 468, 162 
General Merchandise. sclciic cc cure cies eects Mik cegensn cra tee be 482,501 501,764 984 , 265 
TOTAL FREIGHT, 1906. - 
WAST DOU ee iss ee ores Be Lose in oak ee ea shou eet 41,584,905 
Wiest bOUund ee ee elas mie eerg oes ete Octet auene iat caer eterecercn tolls 10,166,175 
TG Galo ne rec chekt ean ska aie ieee ear Oke 51,751,060 


The freight through the Canadian canal was 13 per cent of the total freight, or 
6,570,788 tons, an increase of 20 per cent over the figures for 1905. 

The Canadian canal opened April 14, closed December 22, 1906. 

The total freight tonnage for 1907 stands at 58,217,214 net tons, of which 
45,544,319 net tons was east bound, and 12,672,895 tons westbound. Of the total 
freight moved 39,594,944 net tons or 87 per cent of the total eastward movement was 
represented by iron ore, 


GRAIN RATES TO SEA. 


The reduction of rates on the grain traffic of the Great Lakes is interesting. 
Chicago rates are given as they are the recognized basis. In 1863 the average rate on 
wheat per bushel, Chicago to New York, by lake and canal was 22-91 cents per 
bushel. 

In 1904 the rate on wheat was, lake and canal, 4-71; lake and rail, 5.02, and by 
all rail, 11:12 cents per bushel. The latter rate was for domestic consumption. 


The rates for 1905, 1906 and 1907 were :— 


Lake Lake 
— All Rail. 
and Canal. and Rail. 
1TCOY Ba Sages Sr EOE PN RSE en AEN SoS NEL 2 eee NUS GPR MEN Ale Rom ICOA cate ey) c 5-51 6-29 at 
ESOC. ery a eee ree ace ho bate Ake ERIE area ete ia uel efete reteatonehaPaterer ev eta. ere iemene yrs 5-94 6-40 10:5 
1 dar Reinet ed toy Pry Ere rent en a 5 Ete RUPEE MOPED paren iane na cae li 6-68 6-97 1 


cents per bushel. 


For domestic consumption, local rate for export only, when consigned or deliv- 
ered steamer, 9-70 cents. 
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‘The rate on grain from New York to Liverpool was in 1881 43 pence; in 1883, 
4%6 pence; in 1902 and 1903, 1%6; in 1904, 14 pence; in 1905, 18 pence; in 1906, 1%e 
pence; and in 1907, 12 pence per hace! 

The average rate on grain, flour and provisions, Chicago to Liverpool for 1904, 
was 20-19 cents per hundred pounds; 1905, 19-16 cents; 1906, 18-75 cents, and 1907, 
19-22 cents. 

Existing routes to Montreal, either all water or lake and rail, have not until 
recently had any marked influence on rates to the seaboard; therefore, the rates that 
prevailed via Buffalo are used for the purpose of comparison. 

The average rate on wheat per bushel via canal from Buffalo to New York for 
ten years to 1904 was 3-15 cents per bushel. In 1904 the average for the season was 
3-2 cents; 1905, 8-9 cents, 1906, 41 cents and in 1907, 5 cents per bushel. 

The cat rate on nent in 1896 from Buffalo to New York was 8-4 cents per 
bushel. This was however advanced to 4 cents in 1904. 

The average lake rate on wheat for years given from Chicago and Duluth to 
Buffalo was:— 


| 
pus ale From Chicago. | From Duluth. 


Cents Cents 
fe 
UG OOM Vera ce fOr Lhe SeASONe Gores sie ae ae en ee te ee re ieee es Be The ies leke unde eee eae 
Ay oc tats FOCI OnE ee yO cl SRN Ee Cree tty CR Re EOE Ue Pera eee coe ane 1-42 2°3 
1902 = Skowl tw Ghckerrat her cee ATE ON eREN RHE Ne Rted cet Mae er RA ee Nana ee ET eit 1-9 
1903 iy ute aight siete Nai es STARA Pe RO Ret aoe ere more 1-41 1-6 
1904 - SBE) SUAS chens Cocteau Marne eek eR UE Goh Uae ape Mer ptoee Pies hits fears SUiEa ey 1-32 1:8 
1805 OSS ace ete SIRE TET OES ne NRC nD plea i eee aR Pea aed 1-67 Dies 
1906 + sich a) SRN atm eee Ee OR ARSE ae? eRe APLC bea a Wiese chron tn RY rece Et 1-72 2-19 
1907 se MRI MER VM Re Wh Goto. ch Ya) ictb crcl cee easiia she pauesn tae ats Paget ears ete Pads 1-57 1-86 


Average through rate from the head of the lakes to the seaboard for five years, 
1900 to 1904 inclusive, 4-71 cents per bushel. This average is probably the lowest 
in the history of lake and canal traffic. 

The above rate is exclusive of handling charges at Buffalo. To this must be added 
the cost of :— | 


Mills per 

bushel. 
Ruling rate elevating and 10 days storage .. .. .. .. 5-0 
Canal boat trimming.. .. Tae 1°5 
Receiving, weighing and discharging New ven: Se, Gr25 
HCE AT Vesse Letra In ani nen ae fie esi ey edema ct at Ene ns ae 2-0 
Floating elevator.. .... 50 


Making the cost of handling at Buffalo ree ae York 9 eae per bushel, lakes 
to sea, 4-71, and handling Buffalo and New York, 2 cents, total, 6-71 cents. 

As to the grain trade of the Canadian northwest, the average rate on wheat, 
lake and rail, has been from 7 to 8 cents per bushel from the elevator at the head 
of the lakes to vessel at the seaboard. The average rate for 1905, was, no doubt, 
somewhat higher than this, as very little, if any, grain was carried from Fort 
William to Georgian Bay and Lake Huron ports at less than 2% cents per bushel, 
in fact charters were made as high as 6 cents per bushel with no accommodation 
east of the lakes to take care of the business. 

The average published minimum rate, all water, Fort William and Port Arthur 
for 1906 was 6% cents per bushel, including insarance; 1907, 68 cents, exclusive of 
insurance. In 1908 the rate at the opening of navigation was 7.cents, early in May 
_this was reduced to 52 cents, on May 20, it was further reduced to 4% cents, since 
which date no rates have been published. 
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A comparison of the rates is only necessary to show to what extent the North- 
west is discriminated against. 

Not only will a deep waterway control and determine the rates of transporta- 
tion on the products of the northwest but it will make possible the further develop- 
ment of our coal industries in the east and of our iron and other mineral resources, 
lumber, timber, pulpwood, &e., in the interior, so that vessels carrying cargo from 
the head of the lakes to the seaboard would secure return loads, thus reducing the 
cost of transportation to a minimum as shown. 

The following are the rates on wheat from some of the principal wheat stations 
in Manitoba, Alberta and Saskatchewan to Fort William :— 


Rate per Rate 
From. Distance. per ton per 

Bushel. Mile. 

Miles Cents Cents 
WWW TIN IALRNG eS ik Sed Rak a wise gh cnet et eyed Sma nce ates gee en Re Ve 427 6:0 -468 
Portace la Prairié.o. +) ooeere Pee RIES UNE tae PAN STE A! cain CMR Dh Teh oa ee 483 Wee -498 
WH LES nV GT Sat! i cae Th aU Le aeten TAC te RMN tas deta eters telat ROSA AE LAL 8 bo ene Stl earl cM 624 9-0 -480 
SBP aa ia (ca nia MRS Palas Face ea ey IG ME ee ad SEAN SUPRA UD nln ic BeO siaearapNed co 692 9-6 -462 
Ow Applies: sue oi tec eee owt oer een suman gla aes 10594 10°2 -452 
WIGOSCIA Win etre ete oT oLN tlurolre eee ainea roles eee er eeas Ove air ney otra eiee ee eNe feeeattane es 826 10:8 °437 
Stee Orem Crees cae Se coco ee LR Scale Se OR oon aie eaten en Ootties onan s teas (37 12-0 -431 
NU WeXe Wve naVer 1s 6 ais cuni eres ceniensiotbectatmies eel oem mra cnc. o Gao tok: dag, © Sefiotaroustorae Oca 1,087 13-2 -404 
14-4 -379 


CAL CARY ines ieee es SOT ha Ws Me oS Sean de Wie Rees aaa Cg 1, 267 


To arrive at Montreal all rail rate add 12 cents per bushel. 

The lake and rail rate published for 1905 on wheat, Fort William to Montreal, 
8-1 cents per bushel; to West St. John, Portland, Boston, 13-5 cents per bushel. In 
1908 the rate to Montreal was 8-7 cents per bushel including terminals; to West St. 
John, Portland and Boston 9-3 cents. 

The all rail rate Winnipeg to Montreal is 18 cents per bushel; from Calgary 
28-4 cents per bushel. 


GRAIN BY RAIL. 


Very little of the grain of the Northwest finds its way to the East all rail. Wheat 
billed to points in the East by the all-rail route from Winnipeg and other points in 
the West for eight years. 


e 
Year. Bushels. Year. Bushels. 
TPG RPT Rte a Sum ees Wires ee O59. IBD. ie ISOL Ia. uc 4 os eee 1,644,000 
COR Altec iron ie eet ee eae ae eyess 173327, 010 TOOS Sirscc ne wis ere Orem a. SS ot eer egret 1,623 .500 
1602 VAD RE aay Senn Px Oe eA Ln ore eee 552,300 LOOG. a eo Sale teete biatbemahe gneve area 1,448 ,928 
VEO Ake ace roles thc rece initia arth ois 60,060 1G Get ds Bee ata yon seer & Uionpi oscar O.0"s 721,180 


Assuming the rate of 6 cents per bushel Fort William to Montreal (lake and 
rail) is divided 24 cents to the steamer and 34 cents for the rail haul, the earnings 
say Depot Harbour to Montreal, 381 miles would be -0806 cents per ton per mile. 


EXPORTS FROM UNITED STATES SEAPORTS. 


In order to show to what extent the combined flour and grain trade has con- 
tributed to the receipts of traffic at leading seaboard markets, a table has been com- 
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piled representing receipts at Portland, Boston, New York, Philadelphia, Baltimore, 
Newport News, Norfolk, including Portsmouth, on the Atlantic seaboard, New 
Orleans and Galveston on the gulf coast. Averages of annual receipts for eight-year 
periods are given. From these averages it appears that each and all of the Atlantic 
seaboard cities have increased their average receipts from period to period as fol- 
lows: From 1880 to 1887, inclusive, the annual receipts averaged 230,483,683 
bushels; from 1880 to 1895 inclusive, 248,731,912 bushels and from 1896 to 1903. 
inclusive, 370,053,052 bushels. 

The two leading gulf ports received for the first period 15,897,148 bushels per 
annum of the average; for the second 20,904,463 bushels, and for the third, 52,329,- 
30 bushels. The combined receipts of the Atlantic seaboard and the gulf ports 
mentioned show a similar progression. 

Exports of grain and flour by way of the four national borders, given on this 
page, in grain exports withdrew from the domestic supply are slightly more than 200,- 
000,000 bushels in the fiscal years 1902-03. The last fiscal year, however, shows 
only 112,079,789 bushels of grain sent to foreign markets. ‘This shrinkage is one of 
the most remarkable features, not only in the year’s trade just closed, but in the 
history of the grain trade of the United States. 

For the fiscal year ending June 30, 1902, 17,509,266 barrels of flour were shipped 
out of the country. The next year 19,448,357 barrels were spared from the domestic 
demand, and in the year ending June 30, 1904, 12,753,644 barrels. 


The direction which these commodities took in passing out of the internal com- 
merce of the country into the foreign trade is shown by the following table :— 


Outward movement of export flour and grain by coasts, during twelve months, 
1902-3. 


SSS Flour. : Grain. 
Barrels. Bushels. 
eT acia Mae een I Moe Nt kn ie geen EN 13,413,067 | 97,573,207 
EARN ree a, OP Falco fe Soye, & GG ee oe ALR aah M huss ations ck as “eos wag 1,692, 763 53,575,601 
BACT CADORUS cstv orcrek emcee POR neko Aieeeode So ewoe ort ian: ENE ee ace ag ee raat srr apa on ‘688, 601 34, "502, 238 
Northern border ports and other principal ports............... 000s eee eeeee 653 , 926 18 ,036 , 254 
Ba Re eae 


The following is a comparative table of receipts of grain, including flour and 
meal, reduced to bushels at six seaboard markets during the years 1904, 1905, 1906, 
end 1907. These totals serve to show the relative share of each port in this branch 
of domestic trade. 


—_— 1904. 1905. 1506. 1807. 
Yeh eS Ee ES elise aber eS ai Ea 5 LO a es Oe ee oe (ee =i Boat 
BO StOM ees furan She rs okt EE Stuer othe 16, 232,855 32,400,096 35 , 055 , 953 37,775,891 
SNe Vy NOs cecsreicee tinea channel rca he Nee 61,112,185 118,329,466 114,832,739 118 , 245,465 
Philadelphia eR Ca eS Be 14,811,731 34,701,676 42,943,076 51,586,426 
IB Alitiv One te err ees oie Ae eee lie ie tieere es cae ae 18,215,220 42 ,225 ,056 52,368 , 809 51,228,653 
New Orleans........ mettre eter tees e sees 8,753 , 247 31,007 , 764 33 , 653 , 354 21,444,681 
SATE PAMCISCO Meise Ranee sinters cee hersaatiaetehecers Brees 721,179 21,663 , 250 aoe tds BBL, 420 15,840,784 


en 846,417 280,327,308 "294, 705 ,351 ~ 296, 121,901 
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The exports of domestic wheat for the following years from the principal United 
States Eastern Atlantic ports were as follows :— 


Year. Bushels. 

eee eee ES | 

mer hoes Re LARA gr Tere ona Arh eae Sr ayy pa eR eee eM NG MINS An & tra nents Reo 3. x 15,181,840 
DESL: Bem ene aCe SUN eelvien ney Near oe het Ee iM reas RIC ic (enn IMM pas OY Suey Taterg potty Si iene ae itets oacg 1,750,628 
DEE) SRE a ae eee Vere pana eet AL Sem SU MY MY Reet In eA isin Aes React yuck GQiivatect 4) ose hoe 6,406,343 
Gey 6 se ee eet eS G Sean fo Teas PARE eS Sen thay. Feige YY VSM pe ER ce Ae ARE 19,568 , 284 
LG OZ od oy See ey Re EP SITE Ma ro RRS EESTI EAE eR oak ESE Mme RCD Nene ae 27 TAG 

Boston— 
TE OSE ee en eee ee he ene wernt BA SEE PERSE REAP BS BSE ee ere tos 2,867 ,994 
1 SY 0 ie nee oan GIRS ee verry een ee Rene MENT cr ee Strida t Slr lac tee feo Gc Cee re 156, 164 
1 EC) earn eI CUM Diet hl Cho trianc thier: Sahn sf DRM ARM Rta ABE elim eetis Fs OANA Hee on Ge atric 119,677 
VGOG6 Se 2s Se Ea a So eho nin aaa Poco dhe cee hate ah ene sige des shane ice paras arse been ne 1,983 , 993 
1 CY Oe eit SO a ea rt ds eR ieUe IP a Seat pO ARORA ARE BUR Rl ral SiN IRL OS aig 6 ¢ 4,360,382 

tland .— 

ts mao Se eel meson Boat ng Giselle easier PIT a mig ko ciate Iain s Shige ae PUR ag A Acot 5 on co  ae See 1,718,855 
TEQA ES Perr eee ee A RE TA eb A ted othe be ane SM oneal ee RC a me eee eae 119,749 
HAC 8 stir (ee rent en SOEs MERMBRC EY? os SE NMN Test AR DRM OM STR UNE N) ReemAH a OR cnaM Miss MMR KGa Sian EMR ee So 717,070 
mA Say he Roh Na ts etd Vs ae MN chai oy cara beach EE eth Adie ol Eo RS dash Ciena! LIEU ins 742,386 
TE OF ee SR SEE Ot BASE SDE Pe oe Sa ean REE eee DERE.” it eee peers ee 1,613,476 

Philadel phia— : 

: 1.08, Pr aie eee RD nen nena oo nies Pe MER Te nia ee Cee be LP hah Sethe CUM GER. UP eh Node eN | Seis aL, 8 1,600,700 

1 LOY Dalat IS es oe ANN Pte reer ea cme Leen) Se ay gee em NOME EL NCEA S OMS ay 0 cmon 1p 6. ate pueor ad CAO 8,000 
TCE Pee, SERRE. PE APES SERS OS eck ts cpa oats te ce RA Arp eRe ST oh See deel Prema Pe 640 ,448 
aS Gy he a ne eae ean Ga ier euna eine hee Sr Oe, NING AON aE Me A Otc. Men me eG EA 4,749,586 
BETS Calas ae ain alg a Pee Ae ans 2 eR ipaaer hel Eh MOR ies RAV SLD ey are bah! Wathen date #8 Rat dia eG fold, Fle 11,295,013 


Notrr.— The wheat receipts at Boston, New York, Philadelphia and Baltimore for the year 1907 amount 
to 77,348,094 bushels as compared with 55,731,7y5 bushels during 1906. The forty percent increase in receipts 
in 1407 correspond with a corresponding increase of forty-three per cent in the exports from these ports, leaving 
earn a Penne amount for local consumption. Flour receipts were 16,144,919 barrels, compared with 
14,268 .:28 in 1406. : 


Year Bushels. 
Montreal (export of wheat )— ane 
BS ey erie ee tae eee etre eae Ta Sen, Se tliats OS a aa ei ,055, 
(EG hee oun chee, ig a Fa ne Lea Le a ORR ERLE tiie RP MIEN aR angi) EAA PA 6 7,514,616 
PEON ke se ONY GU gees TG Pa nce ent Sho BOON RL tle cee Dee en ra 9,735,727 
Cc a he RIMINI sak eae Net a EEN enon eee OF alan meeps lout MM Gti Sa lee 14,248,251 
SGV Ap en Sie, Maiyah aera rant rss tiene 6 os U A ein asd en eS a » Sota, eth se otles ated ab Rae cet ale eta ee 20,975,373 
LCOS oe ree aateeict ote tate Rae aes aan th oe. ark area, # sR eNNeC RRR EE cs omen RE ERMEN, S8, A ULC SIOAULSS Oe OPC nine oa 27 , 441, 248 
f Jd 


The above figures do not include the quantities of Canadian breadstuffs in 
transit exported via leading United States ports. During 1904 they were as fol- 
lows :— 


— Baltimore. New York. Portland. Boston. Philadelphia. 
PEG ae cs oe nae he as Cs Bris. 9,348 313,851 106,149 75,407 5,034 
Wika tek 2 stir btn aioe setae ae Bush. 110,991 1,531,189 3,528,977 2,286,571 | 248,000 
GOT eh oo Yas oie or rea eet ake Gy 9 OSG: RoR cies scall aus wtevetage eee tate | Gee ere ene ena | 2,424 
Ola b Say ereconie aacior ratte a che creer nncare 4 72,672 1,126,859 590,301 91,029 300, 637 
Dive ante. cit nrsky ccna « 81469 4/204 ee eee ees i; (eee ec eer 
Rare vec ces toteoctens Cheseraueks, era aietneeee SE Grecian ae 395,112 353 , 850 49 (458 ok sacl. ae te 
Tnekyhicatix cniloaweie Acie eae | aah hel s , duigeesh 234/448 147649 10,172 }..2e0 aes 
Total grain in bushels............. 192,132 | 3,301,714 4,492,497 2,437 , 230 551,061 
Total flourtin’ Darrel streets acs sale achat dene Ge ae Se 509,789 
‘Total grain.in. bushel see ackee | aks. 4 iar wi pi eee eee eee 10,974,634 


During 1905 Canadian breadstuffs shipped by these’ ports were flour, 428,000 
brls.; grain of all kinds, 12,119,637 bushels, of which 10,795,346 bushels was wheat. 
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During 1906 actual shipments of Canadian breadstuffs in transit for export 
were: Flour, 526,849 barrels; grain of all kinds, 24,159,284 bushels, of which 
22,150,640 bushels was wheat, distributed as follows: Via New York, 305,861 -bar- 
rels flour, 4,877,387 bushels of wheat, 1,368,745 bushels other kinds of grain; via 
Portland, 127,446 barrels of flour, 6,289,461 bushels of wheat, 550,669 bushels other 
kinds of grain; via Boston, 68,911 barrels flour, 9,216,085 bushels wheat, 86,946 
bushels other kinds of grain; via Philadelphia, 23,229 barrels flour, 960,436 bushels 
of wheat, 2,284 bushels of other kinds of grain, and via Baltimore, 1,422 barrels 
flour, 807,271 bushels of wheat. 

During 1907 the shipments were: -Flour, 486,016 barrels grain of all kinds, 
93,963,116 bushels, of which 20,981,626 bushels were wheat, viz.: Via New York, 
932,428 barrels flour, 4,868,882 bushels of wheat, 2,422,954 bushels of other kinds of 
grain; via Portland, 108,951 barrels of flour, 4,762,353 bushels of wheat, 378,360 
bushels other kinds grain; via Boston, 97,074 barrels flour, 8,151,394 bushels wheat, 
161,986 bushels other kinds grain; via Philadelphia, 44,628 barrels flour, 3,114,373 
bushels wheat, 17,523 bushels other kinds grain; via Baltimore, 2,935 barrels flour, 
84,624 Wiehels wheat. 

The United States Bureau of Statistics, Department of Commerce and Labour, 
report the value of Canadian trade handled through American ports during 1904 
as being $96,000,000. This statement, however, is at variance with the figures given 
in the Canadian Year Book :— 


Value of merchandise imported from foreign countries through 


the United: States. .'..°..: SE Ae $25,162:379 00 
Value of merchandise Sorted 6 Rorelert Reunites Giroueh the 
THLE tates Brees re ARSE: SS EAD AO OTS SIT 99987. OO 


See statement for 1905, 1906, 1907 and 1908, page 567. 


The following statistics show to what extent the gulf ports are bidding for the 
grain of the Northwest :— 


Exports WHEAT AND Corn, 
1603, 1904, 1905. 1S06 
AND 1907 
Wheat. Corn. 
Bushels. Bushels. 
New Orleans— 
AG (LE Cee ee ah earn ah tn ape ee Se ce a aS) rh en MRR COIR cues ae qectens 13,566,000 13 ,828 ,000 
BG (Sena Pe ay ARE EU, ORR RENT ha Gey ee oto ala a. a tab eebaredaba ue seee eB e tee 2,603 , 000 5,111,000 
Dis ees i Se Cad ae CO eet Mili sahara te cae 587 ,000 20'410;000 
Se SS ch) AIRS BOE RS Se Sy es ios) 2k Sees TAGS 5,731,000 18,388,000 
TEED FE TS SEN hae Rg eae IFAS, bea IR a ee ane iene Fae SL SEBS EE 5,336,000 7,550,000 
Norfolk and Newport News— 5 
ICR DEAR ope don pilin com, tak Pes Oe ie) CReAe bd rt tale tise 372,000 4,541,000 
Pe Ue ae le CS. NN A RSS I LEA dE 11,000 1,770,000 
OOD Ee Srajateraes Oh es LRM eee BMI TR Or Gee Ae A hee tae A ed ess Ra Ren eee $6,000 4,315,000 
CO Ge Re ra ele clas Sac Sieg SARE ty EMULE SI AEC MD eR es ce NT a vale 797 ,000 4,344,000 
LEE bon RGB ae Peace tee Mii ee ey tie WA Papen Se RS PRE eae Ca Binet eeu RA eR Re 368 , 000 1,597,000 
Galveston— 
FY Ta oe a el OM hal ne pa oN ca  )  ata Be tee Se cs AU Seale RE ROL *~ CaM: 000 4,541,000 
TOO Le Ee EEE, PAE esto, Bie tae re sere ea oe tee SSE s 6,000 3,408,000 
ISOS. ie Ree eee: Sars Ry Oo MRC enc REN RANI, ac NE IS REN oe RUD cree RED DEN a rae f = wes 000 10,278,000 
LOO Ge Pee een ee aoe eee tes erections lane uste oh eo etalidoyaie htaney asl che cite oi cee chisel oics ll, "553, 000 10,332,000 
Reeeoieers Sari emierr She! i pge Ree ae aes De New otei aes 9/561,000 6, 609 , 000 
Other ports, including Charleson, Pensacola and Mobile— 
OO ee ee raat SR IBOE 5 ed see LTE 5 OE: OIE EUS, ep doe fel lp 1,174,000 171,000 
ENG See re nh Paces Gee te ce tes tes ein even evade sta ol wea 768 ,000 478,000 
LOO a ee inet rt tkeeds stake Shoe co Wik whalers is, elbtabetatlectedeySaete tute: adalie: ote) ors 48,000 810,000 
i ea a oe aE a ng ad REE ES hs oh wb 410,000 1, 154/000 
NOT ESS Sic antarareuened a Sic ele bute ian tah Na eat itinnn gheiivet sar anaemia eS ae er 414,000 1,127,000 
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Extract from Bulletin (United States Department of Agriculture), on Euro- 
pean grain trade,— : 


Grain Deficit im western Europe. 


‘Plentiful supplies of grain from newer countries possessing vast areas suited 
to cereal production have caused western Europe to depend for a part of its needs 
on foreign sources. The grain deficit of western Europe during the five years 1901- 
1905 averaged almost half a billion bushels of wheat, 200 million bushels of corn, 
150 million bushels of barley, 144 million bushels of oats, and 78 million bushels of 
rye. Wheat is pre-eminently the international grain, while of the five other important 
cereals, rye enters least into foreign trade. Grain is imported into western Europe 
to some extent from Russia and the Balkan states, but principally from countries 
outside of Europe. ; 

The chief importing country, the United Kingdom, obtains nearly 80 per cent 
of its wheat supply, all of its corn, more than half of its limited requirements of 
rye, 45 per cent of its barley and 25 per cent of its oats from foreign and colonial 
sources. Especially in the case of wheat the dependence on imported grain shows a 
marked increase. As late as 1871-75 slightly more than half the total supply was 
raised within the United Kingdom. Accepting in the absence of official statistics 
of production the estimates quoted in the report of the British Tariff Commission, 
fifteen years later in 1886-1890 the average contribution of British agriculture had 
fallen to 35 per cent of the wheat supply and in 1901-1905 to only 21 per cent. 

During the period covered by the bulletin, 1883-1905, Germany has taken rank 
as the largest importer of wheat, except the United Kingdom. _ 

The increased dependence on foreign grain, exemplified by the United Kindom 
and Germany, is general throughout the northwest or Teutonic portion of Europe, 
comprising the countries north of France and Italy and west of Russia, Hungary 
and the Balkan Peninsula. ; 

The European surplus producing countries are all situated in eastern Europe. 
Russia with its vast area exports by far the largest quantities of grain, averaging 
in 1901-1905 no less than 141 million bushels of wheat a year, 93 million bushels of 
barley, 86 million bushels of oats, 60 million bushels of rye and nearly 23 million 
bushels of corn. Russia’s exports represent about 24 per cent of its wheat crop, 7 
per cent of its rye, 10 per cent of its oats and 29 per cent of its barley. . 

The great importance of the United Kingdom as a market for the surplus grain 
of other countries may be measured by the following: Taking account of both 
wheat and wheat flour, the imports from foreign countries have increased much 
less rapidly of late years than those from British possess‘ons. In 1883 foreign coun- 
tries contributed in both grain and flour the equivalent of 131,000,000 bushels of 
wheat, while in 1906 they contributed 145,000,000 bushels. This comparison, how- 
ever, under-estimated the importance of the foreign countries in the supply of the 
British market prior to 1904, for the percentage supplied from foreign sources in 
1906 was far below the average for 1883-1903. The contribution from British pos- 
sessions has increased remarkably from 31,000,000 bushels in 1883. to 80,000,000 in 
1905 and 65,000,000 in 1906. Imports from Russia have varied greatly in amount, 
the highest being 46,000,000 in 1905 and the lowest 5,000,000 bushels in 1899 and 
1901. From Canada the imports have shown a constant increase, while from the 
United States an apparently large decrease is observed from 1901 to 1905. 

The returns, however, show that a much larger supply of wheat and wheat flour 
was imported from the United States than during 1904 and 1905 when the supply 
available for importation from the United States was comparatively small. 

‘The imports of wheat into the United Kingdom were in 1900, 128,183,048 bushels; 
1901, 130,122,589; 1902, 151,204,157; 1903, 164,511,256; 1904, 182,527,333; 1905, 
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182,229,131; . 1906, 173,538,773; of wheat flour—1900,12,318,218. 1901, 12,900,817 ; 
1902, 11,077,909; 1903, 11,772,256; 1904, 8,413,082; 1905, 6,831,293; 1906, 8,108,743 
barrels,’ 


Of these importations Canada is given credit for the following :— 


— Wheat. Wheat Flour. 
Bushels. Barrels. 

THOYDD) so oh isk ee dete on SOR RAREST ee ines gee ia eg a ee arr eae ee AC Re 11,830,187 682 , 482 
OO eRe ES ee Lh ee NR EI. Od. Do ac LALA Ris ht tates ab be Met ete. 12,491,192 776,057 
TOVO PSS oe “ai New os SNS Ue Oe CGR A EUSA yo vhs Haceteees Tone An Sl OES hu, Geena e SN ir ee ci PMC ey os 17, 784,620 1,110,407 
TREE}. ah on theta IS Aas cy cp Ne Rf Bc st ohn lt hs a eMac ECE an ca 20,163,470 1,507,210 
FEN ge es RA Re Re ed Pee ao PION, Gn eRe MRO ciety Ayal <M Gh ES, Aare ge melee 11,564,560 1,164,010 
HORS 95S os SNe cy CePA cee heg Sh SN TEENIE ec sen, ce ne Pp pene te tere Sie Ca: 12,174,456 760,057 
LO OGRE oe ae ene ard Say caterer. are. aye None olay GPS eae EES Op eee choses bas ay Shien 21,111,440 1,034,571 


Ten years ago Liverpool looked to the United States for 70 per cent of its supply 
of grain. This has shrunk appreciably. In 1903 the imports fro mthe United States 
were—wheat 27 per cent, corn 87 per cent, barley 9 per cent, oats 4 per cent. Flour has 
not dropped to any extent, about 5 per cent in ten years. 

The average freight rate from principal points to Liverpoo! 1902-3, in shillings 
sterling per ton was:—From New York, 4s. 11d.; Odessa, 8s. 3d.; Bombay, 18s. 1d.; 
River Platte (down river), 13s. 9d.; Montreal rates are on a parity with New York. 
Rates are practically the same to-day. 


TRAFFIC POSSIBILITIES. 


The brief review of the upper lake trade given herein shows that 80 per cent of it, 
consisting of ore and‘coal is between Duluth and Lake Erie and cannot be diverted to 
any other route. There is, however, a grain trade part of which may be diverted by a 
deep water route to Montreal. If deposits of high class easily mine] iron ore were 
discovered along the Ottawa route, then a large traffic would soon spring up between, 
it and eastern province coal. 

The facilities for manufacture along the line of the waterway are very striking, 
and deserve special consideration as immense water powers will be availabie. 

The discovery in the states of Michigan and Minnesota of easily worked high- 
class ores in unprecedented quantities and the cheap transportation by water to the 
coal and coke at Pittsburg made a tremendous development possible. 

The Minnesota iron ranges have been traced northward and at various points in 
Canada give promise of containing valuable bodies of ore. When it will be possible 
to utilize iron ores, which are now below the accepted standard, numerous deposits in 
eastern and western Ontario will be available. 

In the province of Quebec there are large and valuable deposits of magnetic ore 
contagious to the line of the waterway. One of the most valuable deposits of mag- 
netic ore is near Hull, opposite Ottawa, an ore assaying from 64 to 68 per cent of 
metallic ore. 

The annual consumption of iron and steel and their products in Canada is be- 
tween 800,000 and 900,000 tons. The production of pig iron in the Dominion 
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amounted to 278,219 tons in 1904. The consumption of pig iron in Canada in 1904, 
was as follows:— 


Be EB SSE Tons. 
Made from: foreron:Ore sg. crys kee see Se eae es ke ie eerie ea eet 226,689 
Made fronmCanadinn Grek hee tee a es ee ee ce Ceara ore eee contin tie eaters 46 ,445 
| bast ove) 9 ft. See eh ae eNO Cee aes ee Me en ee Cen ne Ce ae ree aes reheat < cits to eG oo ue 73,500 
TotaliconsuMmiptions vaevs so Ses Leas See ee ea 2 ee tecn rece ne ence ren eter 347 ,334 


The value of the exports of iron and steel goods manufactured in Canada in 
1904 amounted to $1,991,821, the value of the imports of iron and steel and manu- 
factures of same into Canada for 1904 was $41,152,789. 


Total imports of iron and steel and manufactures of same during the fiscal year :— 


Year, Imports. 
$ cts. 
LGO5 SS eee ead’ cid ackzesiteyceens Se oh heme creel SI TAR Syetece alles gy Sehaye fake cep emegere Spee | 33,475,278 00 
EG OG so serene we ose sel oucapay seis suns ls “aks cooreta Fhsas) oust eons vawe rcstewe ae Be NEL ae eeesaear este bee Sree a7 etka | 38,545,539 O00 
LOOT 206d en BIER BTL. -Gnicig ee Nie POTS PA! SOE Mtge Oo aa ee ee ee | 38,721,015 00 


DA Ose SES ate Gc ltaec <p Dots Se eRe PC ARCs ee a eee IN, oe EER EPA ma TS LaMont ep old Muchas So 0 Diced. = | 62,000,206 00 


The import of iron and steel is divided as follows :— 


1st. Interchangable mechanism, the manufacture of which requires the highest 
skill and workmanship; 2nd, hardware, cutlery and edge tools; 3rd, machinery; 
4th, castings and forgings, rails, and railway supplies and other forms of iron, steel, 
pig iron, &c. Of these the United States supply the following per cent :— 


se Per cent. 
Interchangeablesmechanism; oi set ess eee oer etaad ccee oer eres ieee nie ete Lae ea oa: ee ee 83 -43 
Hardware: cutlery, andied ge: tools: £34 cutee wax Ses nicest. cette’ sccxe trea ete « cetacinre « aaiataa ke eee eee 74-98 
IME RGR ENIGT VG Rs ceo Ne a Le ee Tee eae) TR ET POIs Ft ee OE a ee C3 -37 
Castings and fOrgin gs. ci o/s 2 nx: sseiere ale Shea ees) lle sycle an nlsbay ares pig, Cen lemSrohe, 6.5 aes cuss eeeeN a) Se Ed Bee ae ae eee 86 -55 
Railway. supplies and ‘Trailsi.ccc4-.s cysts. 3 ett rocaiole gol mee Rad dco ei Seeeseie init eee ae 30-74 
Otherformsyvof ironjand isteel’zsi ae ees Se a ee a ee Be oe eee 60 -07 


Coal.—Coal will be required in the development of the iron industry. Very little 
Nova Scotia coal finds its way into Ontario, although the Dominion Coal Company 
say they probably placed about 500,000 tons west of Montreal in eastern Ontario 
during the year 1905. The consumption of bituminous coal in Ontario during the 
ealendar year 1904 was 4,261,140 tons and of coal dust 612,222 tons nearly all of 
which was imported from the United States, 

The total importations of United States coal and coal dust in 1906 was 5,492,974 
tons, duty paid, $2,455,950.82; in 1907, 4,617,408 tons; duty paid, $2,081,492.41, and in 
1908, 8,457,175 tons; duty paid, $3,593,427.70. 

The cheapness of American coal at the mines and the short haul to the manu- 
facturing towns in Ontario, notwithstanding the import duty, has practically shut 
out Canadian coal, therefore, the placing of Nova Scotia coal in Ontario 
must depend on improved transportation facilities. The Nova Scotia shippers are 
of the opinion that with such improvement they would be able to make some pro- 
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gress in this direction. In a statement respecting Nova Scotia’s western market, 
the general sales agent of the Dominion Coal Company says: ‘The geographic 
position of the Canadian and American coal fields and the conditions governing the 
distribution of the product have defined the boundary of the competitive markets, 
and any large increase in the consumption of Nova Scotia coal will now depend on 
such improved transportation facilities as will enable us to invade the Ontario mar- 
ket. The proximity of the inland provinces to the American coal fields and the 
cheap transportation afforded by the Great Lakes at present renders this almost im- 
possible. In this connection the deepening of the canals has been strongly urged 
and with better facilities in this respect some progress might reasonably be expected. 
Of the Nova Scotia.coal shipped to Quebec a considerable quantity was transhipped 
to Montreal and distributed over the eastern counties of Ontario, but this trade is 
limited and is only preserved to Nova Scotia by the duty on American coal. Terri- 
torially the Canadian market for Nova Scotia coal under existing conditions may 
be said to have reached its limitations.’ 

A recent publication entitled ‘Coal’ analyzing the trade between Canada and 
the United States, commenting on the above, says—‘ It is true that the St. Lawrence 
canals, now fourteen feet deep, can be deepened to allow a class of eolliers on the 
Sydney-Montreal trade to proceed to the lake cities without breaking bulk, and 
doubtless that would be done hereafter should important interests demand it. Such 
vessels might become competitors for western grain, freights.’ 

‘With the advantage of return cargoes, Ontario would become practically in- 
dependent of the United States for her supply of bituminous coal. That province 
could well consider the economy of appropriating a portion of her contribution to 
coal duties to the work of deepening the canals to secure cheaper coal from the 
deposits at the seaboard. The argument is, therefore, strong that her material in- 
terest will require her to either seek the removal of the duty on coal in both countries, 
or failing that to adopt.the policy of deepening the St. Lawrence canals.’ 

The advantages of the Georgian Bay ship waterway are apparent, as the Canadian 
csal shipped via the St. Lawrence comes directly in competition with United States 
coal, the route keing along the international boundary. The proposed waterway. 
however, would carry it through the heart of the province, rich in minerals, the 
highest development of which depends upon coal. 

Delivery can be made as advantageously to interior points in Ontario, from the 
line of the Ottawa route, as from St. Lawrence, Lake Ontario or Lake Erie ports. 

The average lake rate on coal from Lake Erie to Lake Huron and Georgian bay 
ports is 35 cents per ton. The average rate to Upper Lake ports is 40 cents per ton. 
The average rail rate from the mines to say Cleveland is about 78 cents per ton, 
making a through rate of $1.13 to $1.18 respectively. 

The average rail haul from the mines to the lake front is 140 miles. From Cleve- 
land to Fort William about 800 miles—total 940 miles. Vessels engaged in this 
trade usually secure return cargo. 

The distance Sydney to Montreal is 815 miles, Montreal to Fort William 882 
miles, total 1,697 miles. Taking the lake rate Cleveland to Fort William as a basis, 
the rate Sydney to Fort William would be about 85 cents per ton as against a rate 
of $1.18 from the United States mines, with the advantage of non-transhipment. 

Tt will be noted that there is a difference of 83 cents per ton in the rate of freight 
to Fort William in favour of Canadian coal. To this add the duty of 53 cents per 
ton making 86 cents per ton in all in favour of the home product. 

Lumber.—The waterway will be of value to the forest wealth generally through- 
out the Ottawa valley. 

Tt will open to the lumber trade of the Ottawa valley the important markets of 
the Great Lake region. The receipts of lumber in Chicago for 1904 aggregated 
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1,670,272,000 feet. Buffalo is also an important distributing point for Canadian lum- 
ber. Pine has been the chief wood manufactured heretofore, but large areas of hard- 
wood have been left standing. There has been quite a decrease in the quantity of 
hardwood exported, partly, because nearly all of this valuable wood, which is easy of 
access, is in the hands of manufacturers who refer to hold it for their own use. 
A water route would give access to hardwood areas, not only for export, but for home 
manufacturers. It will make possible the transport of large quantities of pulpwood, 
cordwood, bark, &e., which finds a ready market. Instead of the mills being centered 
in one district as at present they will be scattered along the entire route to the 
advantage of the trade eenerally. 
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Fluctuations of Water Surface-Lake of Two Mountains Head of Ste.Anne Lock 
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Fluctuations of Water Surface-Lake of Two Mountains. Foot of Carillon Canal 
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Georgian Bay. ship canal. Report upon survey. 
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